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Figure 1-1. HP Model 5328A Option 011 HP-IB Interface 
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SECTION I 

GENERAL INFORMATION 



1-1. INTRODUCTION 

1-2. This manual provides service and installation information for Option Oil Hewlett-Packard 
Interface Bus (HP-IB) Interface to the Hewlett-Packard Model 5328A Universal Counter, 

1-3. The sections within this manual are labeled SECTION 1 GENERAL INFORMATION, 
SECTION M INSTALLATION, SECTION III THEORY OF OPERATION, SECTION IV MAIN- 
TENANCE, SECTION V REPLACEABLE PARTS, SECTION VI MANUAL CHANGES, and 
SECTION VII SCHEMATIC DIAGRAMS. These sections are designed to be compatible with the 
same sections of the 5328A Service Manual. Programming information for Option Oil is con- 
tained in Section V of the 5328A Users Manual. 

1-4. DESCRIPTION 

1-5, Option Oil HP-IB Interface consists of one printed -circuit card (see Figure 1-7) that 
mounts above and parallel to the A1 Motherboard in the 5328A. This option allows the 5328A 
to output measurement data and be controlled via the HP-IB. The option is designed for use 
with HP-IB compatible instruments, calculators, and computers. The functions of the 5328A 
are fully programmable when this option is installed. Complete specifications for Option Oil 
are listed in Table 7-3 of the Users Manual and in the Service Manual for the 5328A. 

NOTE 

HP-IB Interconnect cable 10631A, B, C, or D is available as an ac- 
cessory (not supplied with Option Oil). The 10631A is 914 mm (3 feet) 
long, 10631B is 1828 mm (6 feet) long, the 10631C is 3656 mm (12 feet), 
and the 10631D is 500 mm (1.5 feet) long. 
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SECTrON II 
INSTALLATION 



2-1, If Option Oil is included in the initial order for the 5328Aj the option is installed at the 
factory and is ready for operation upon receipt. If Option Oil (HP Part No. 05328-80011) is ordered 
for field installation^ it will include the following parts: 



ITEM 


QUANTITY 


HP PART NO. 


HP-IB Board 


1 


05328-60019 


Cable Assembly 


1 


8120-2176 


Cover Plate 


1 


05328-00014 


Machine Screw 


4 


2360-0115 



2-2, The HP-IB connector mounting studs accommodate lock screws with 150 metric thread 
M3.5x0.6 or equivalent Optimum Metric Fastener System (OMFS) thread 3.5P06, 

2-3, Metric hardware supplied by HP for HP-IB connectors can be identified by the black finish . 
If metric tools are not available^ a inch hex socket will fit the 7 mm hex stud, 

2-4, Conversion kits for converting earlier instruments to use the metric lock screws are 
available through any HP Sales or Service Office listed in the back of this manual, 

2-5, FIELD INSTALLATION 

2-6. To field install the optionj proceed as follows: 

CAUTION 

Avoid flexing Option Oil board. Due to the number of 
resistor packs and their location^ flexing can cause 
resistor failures, 

a. Disconnect the power cable from the 5328A (Safety Precaution), 

b. Remove the top and bottom covers from the 5328A, 

c. Remove the small plate from the rear panel, located above the STORAGE switch, by 
removing two screws, 

d. Remove A4 Function Selector board from motherboard by pulling up on one end of 
extractor at top of board (use rocking motion to extract board), 

e. Remove the nut on each side of digital bus connector J6 on the HP*IB Interface board, 

CAUTION 

In the following step, be sure that pin 1 of the plug (on 
each end of the cable) is aligned with pin 1 of the jack 
(on each board) before inserting. (Pins on plugs are 
numbered. Pin 1 on jacks has square solder dot.) 

Damage to equipment may occur if connectors are 
inserted incorrectly and power applied. 
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f. Connect one end of the 28-conductor cable to J-1 on the motherboard and insert the 
cable through the slot of themain bracket^ MP10 (refer to Figure 4-1 in the 5328A Service 
Manual) and bend remaining end of cable over top of MP10. 

g. Install the HP-18 board, component side up (parallel to the motherboard) with digital 
bus connector J6 inserted out through the rear panel (where plate was removed)* 

h. Place 5328A on its side and attach four 6-32x Vl6 inch screws to the HP-1 B board standoffs 
from underside the motherboard* 

i. Mount the cover plate over digital bus connector J6 and switch SI and attach with two 
screws* Replace two nuts on J6 that were removed in step e. 

j. Connect the free end of the 28-conductor cable to J1 (position 35) on HP-IB board* 

k* Connect the end of the lock-out cable (jumper wire) to terminal post at pin 4 of XA16 
(below display board) on motherboard* 

l, Install A4 Function Selector board removed in step d* 

m. Install top and bottom covers and apply power* 

n* Condua the local operation test. Section IV Table 4-2, and one of the verification of 
performance tests, Section IV either paragraph 4-10 or 4-18* 

2-7. REMOVAL 

2-8* Procedures for removal of Option 011 are essentially the reverse of the above installation 
procedures* 
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SECTION III 

THEORY OF OPERATION 

3-1. HP INTERFACE BUS DESCRIPTION 

3-2. The HP I nterface Bus transfers data and commands between the components of an instru- 
mentation system on 16 signal lines. The interface functions for each system component are 
performed within the component so only passive cabling is needed to connect the system. The 
cables connect all instruments, controllers, and other components of thesystem in parallel to the 
signal tines. 

3-3, Eight of the lines (DI01 — D108) are reserved for the transfer of data and other messages in a 
byte-serial, bit-parallel manner. Data and message transfer is asynchronous, coordinated by the 
three handshake lines (DAV, NRFD, NDAC), The other five lines are for control of bus activity, 

3-4. Devices connected to the bus may be talkers, listeners, or controllers. The controller 
dictates the role of each of the other devices by setting the ATN (attention) line low and sending 
talk or listen addresses on the data lines {DI01— D108). Addresses are set into each device at the 
time of system configuration either by switches built into the device or by jumperson a PC board. 
While the ATN line is low, all devices must listen to the data lines. When the ATN line is high, only 
devices that have been addressed will actively send or receive data. All others ignore the data 
lines. 

3-5. Several listeners can be active simultaneously but only one talker can be active at a time. 
Whenever a talk address is put on the data lines (while ATN is low), all other talkers will be auto- 
matically unaddressed. 

3-6. Information is transmitted on the data lines under sequential control of the three 
handshake lines. No step in the sequence can be initiated until the previous step is completed, 
information transfer can proceed as fast as devices can respond, but no faster than allowed by the 
slowest device presently addressed as active. This permits several devices to receive the same 
message byte concurrently. 

3-7. The ATN line is one of the five control lines. When ATN is low, addresses and universal 
commands are transmitted on only seven of the data lines using the ASCII (American Standard 
Code for I nformation Interchange) code. When ATN is high, any code of 8 bits or less understood 
by both talker and listener(s) may be used. 

3-8. The other control lines are IFC, REN, SRQ, EOl. IFC (interface clear) places the interface 
system in a known quiescent state. REN (remote enable) is used with other coded messages to 
select either local or remote control of each device. 

3-9. Any active device can set the SRQ (service request) line low. This indicates to the con- 
troller that some device on the bus wants attention, say a counter that has just completed a time- 
interval measurement and wants to transmit the reading to a printer. 

3-10. EOI (end or identify) is used by a device to indicate the end of a multiple-byte transfer 
sequence. When a controller sets both the ATN and EOl lines low, each device capable of a 
parallel poll indicates its current status on the DIO line assigned to it, 

3-11. For a more detailed description of bus operation, refer to the manual entitled "Con- 
densed Description of the Hewlett-Packard Interface Bus", HP Part No. 59401-90030. 



3-1 



Option 011^ Model 5328A 
Theory of Operation 



3-12, OPTION oil HP-IB INTERFACE OPERATION 

3-13. The 5328A HP-IB Interface is used to remotely program the 5328A and deliver the mea- 
surement results to the bus. Thus, the option operates both as a listen and as a talker. 

3-14. As a listener, the interface is capable of programming most of the controls in the main- 
frame and all programmable modulesthat may be installed. The HP-IB board contains storage cir- 
cuits to control the mainframe remotely, and is set up to program the storage circuits in any pro- 
grammable module. 

3-15. As a talker, the interface is capable of outputting the measurement data in exponential 
format with a mantissa of nine digits (leading zeros are output as spaces) and an exponent of one 
digit. Overflow and sign information is also contained along with a carriage return (CR), linefeed 
(LF) termination to make It compatible with the standard HP-IB serial data format, 

3-16. In addition to being a talker and listener, the HP-IB Interface follows a set of HP-IB 
commands. This includes complete service request capability. The ASCII codes used for ad- 
dressing and for data are shown in Table 3-1. Address switch information is shown in Table 3-2. 
The program code set is shown in Table 3-3. 

3-17. Overall Operation 

3-18. The heart of the HP-IB Interface is a 256 state algorithmic state machine (ASM) controlled 
by a 256 x 16 ROM (U22) as shown in the block diagram Figure 3-2. This state machine has two 
different format states determined by the format (F) bit from U22. One state (F=0) is an output 
mode statewhere the machine will proceed sequentially to the next state (address) after storing or 
outputting information. The other state (F— 1) is a mode where the machine can either proceed to 
the next line or perform a conditonal jump to a different line in the program. The decision as to 
which state is chosen is made on the basis of whether the qualifier bit from U11A is low or high. 
Preset counters U14 and U23 provide presetting to a jump state when F=1 and thequalifier is low. 
These counters incrementtheir count in all other cases. Altogether, there are 52different bits that 
may be selected as the qualifier for a particular state. 

3-19. Qualifier negate circuit U30C can invert the qualifier bit for any given state so that the 
machine can branch on thequalifier being low or being high. U7 is added for psuedo subroutine 
capability. In the output mode, the ASM goes through the same group of states once for every 
character being outputted on the bus. U7 is incremented every time so that the ASM can tell 
which character it is to output. 

3-20. Bus Command Mode 

3-21. In this mode (ATN low)jtheASM accepts parallel bytes of information and decodes them 
into bus commands. This usually requires setting or clearing bits of storage in U19 or U26. 

3-22, Listen Mode 

3-23. In the listen mode, the listen qualifier of U26 must be low and ATN high. The interface will 
then accept 8-bit parallel bytes continuously. When receiving the ASCII characters P, Q, U,R,orT 
the counter will act upon the byte immediately (refer to programming in 5328A Users Manual). 
When receiving the letters F, C, A, B> C, D, orS the interface will then route any ASCII number or 
numbers following these letters into particular storage registers. These registers are U 28, U 33, and 
U34 along with any that are contained in any of the optional modules installed in the mainframe. 

3-24, Talk Mode 

3-25. The HP-18 Interface will go into the talk mode if the talk qualifier of U26 is low or the talk 
always switch is set to talk always and ATN high for both cases. There will be no output in normal 
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operation unless a completed measurement is present and has not been outputted. The 
information to be put on the bus is latched into latches U15 and U24. These drive the high current 
buffers U5^ U10, and U16. Counter U7 is used as a pointer for the ASM to recognize which 
character in the serial output string the interface is to output. Additional information ontheHP-IB 
Interface operation ts contained in the 5328A Users Manual. 



Table 3-7. American Standard Code for Information Interchange (ASCII) 



USA STANDARD CODE FOR INFORMATION INTERCHANGE 



BITS 


^>7 1 


o 

Q 

O 


0 0 
u T 


o 

o 


0 1 
' 1 




Iqi 


1 1 
' 0 


1 1 
^ 1 


b4 


^3 

■w 


^2 


» 


COLUMN ^ 
^ ROW 


0 


1 


2 


3 


4 


5 


6 


7 


0 


0 


0 


0 


0 


NUL 


DLE 


SP . 

(bi«n*0 


0 


@ 


p 


y 


P 


0 


0 


0 


1 


1 


SOH 


DCl 




1 


A 


Q 


a 


q 


0 


0 


1 


0 


2 


STX 


DC2 


- 


2 


B 


R 


b 


r 


0 


0 


1 


1 


3 


ETX 


DC3 




3 


c 


S 


c 


s 


0 


1 


0 


0 


4 


EOT 


DC4 


$ 


4 


D :■ 


; T 


d 


t 


0 


1 


0 


1 


5 


ENQ 


NAK 


% 


■ 5 I 


B 


U 


e 


u 


0 


1 


1 


0 


6 


ACK 


SYN 




6 


F 


; V 


t 


V 


0 


1 


1 


1 


7 


BEL 


ETB 




f 

1 

! ^ 


G 


W 


g 


w 


1 


0 


0 


0 


8 


BS 


CAN 


( 


8 


H 


: X 


h 


X 


1 


0 


0 


1 


9 


HT 


EM 


■ 'T : ■■ 


; 9 


'^ '4 , , 


y 


i 


V 


1 


0 


1 


0 


10 


LF 


SUB 


* 




J 


z 


j 


z 


1 


0 


1 


1 


1 1 


; VT 


ESC 




I 


K 


■ [ ' 


k 




1 


' 1 


0 


0 


12 


; 


FS 




< 


L : : 




1 


: 


1 


1 


0 


1 


13 


CR 


GS 






M 


ft;. ■ ■' 


m 




t 


1 


1 


0 


14 


SO 


RS 






N 


■"t : 


n 




1 


1 


1 


1 


15 


SI 


US 


/ 




0 




0 


DEL 







UIMIVERSAL 

ADDRESS 

COMMANDS 



t 



UNLISTEN 
COMMAND 

LISTEN 

ADDRESSES 



t 



UNTALK 
COMMAND 

TALK 

ADDRESSES 



DATA WHEN ATN IS HIGH. 
ADDRESSES WHEN ATN IS LOW. 
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Table 3-2. Addressing 



ADDRESSABLE 



1 




I A5A4A3A2A1 

* ■ t 



I 1 ADDRESS SWITCHES 

ONLY 



^5 




"^3 


ASCII ADDRESS CODES 

ASCII 

LISTEN 

Aj Aj ADDRESS 


ASCII 

TALK 

ADDRESS 


0 


0 


0 


0 


0 


SP 


@ 


0 


0 


0 


0 


1 


t 


A 


0 


0 


0 


i 


0 




B 


0 


0 


0 


! 


1 


# 


c 


0 


0 


1 


0 


0 


$ 


D 


0 


0 


1 


0 


1 


% 


E 


0 


0 


! 


1 


0 


& 


F 


0 


0 


1 


1 


1 


V 


G 


0 


1 


0 


0 


0 


( 


H 


0 


i 


0 


0 


1 


) 


1 


0 


1 


0 


1 


0 


# 


J 


0 


1 


0 


1 


1 


+ 


K 


0 


1 


1 


0 


0 




L 


0 


1 


1 


0 


1 




M 


0 


1 


1 


1 


0 




N 


0 


1 


1 


1 


1 


/ 


0 


1 


0 


0 


0 


0 


0 


P 


1 


0 


0 


0 


1 


1 


Q 


1 


0 


0 


1 


0 


2 


R 


1 


0 


0 


1 


1 


3 


S 


1 


0 


1 


0 


0 


4 


T 


i 


0 


1 


0 


1 


5 


U 


\ 


0 


1 


1 


0 


6 


V 


1 


0 


1 


1 


1 


7 


w 


1 


1 


0 


0 


0 


8 


X 


1 


1 


0 


0 


I 


9 


Y 


1 


1 


0 


1 


0 




Z 


1 


1 


0 


1 


1 


3 


[ 


1 


1 


1 


0 


0 


< 


\ 


1 


1 


1 


0 


1 


= 


J 


1 


1 


1 


1 


0 


> 
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Table 3-3, Program Code Set 



Codes shown in bold face are start-up conditions. These conditions are set by the code 
Remote Program Initialize, or by the bus commands Device Clear or Selected Device Clear, 
1. Initialization 



p 


Remote Program Initialize 






Function 






Fj0 


Stop 


Fa 


T.l. A-B 


FI 


Start A 


F9 


B/A 


tF2 


Start Clock 


F: 


TJ, Avg . A- 


tF3 


DVM/A 


F; 


Events CJJ. 


F4 


Freq. A 


F< 


Check 


tF5 


DVM/TJ, A-B 


F= 


C/A 


F6 


Period A 


F> 


Freq. C 


F7 


Per. Avg. A 


F? 


DVM 



3. Time Base 



Code 


Freq Res 


Multiplier 


Time Res 
(Std) 


Ttme Res 
(OpL 040) 


Q0 


1 MHz 


1 


100ns 


10ns 


Cl 


100 kHz 


10 


1ms 


100ns 


G2 


10 kHz 


10^ 


lOjus 


1 MS 


G3 


1 kHz 


10^ 


100ms 


10ms 


G4 


100 Hz 


w 


1ms 


100ms 


GS 


10 Hz 


105 


10ms 


1ms 


G6 


1 Hz 


10* 


100ms 


10ms 


G7 


0,1 Hz 


10^ 


Is 


100ms 



4, Single-Multiple Measurement 
Sfl Single Measurement 

51 Multiple Measurement 

5. Measurement Cycle 

52 Wait to output^ Service Request at end of measurement 

53 Continue cycle; no Service Request 

6, Output Mode 

54 Output at end of measurement 

55 Output when addressed {on-the-fly) 

7. Sample Rate 

56 Maximum 

57 Manual control (from front panel) 

0. Arming 

S; Off 

S: On 

9. Display Storage 

S< On (normal) 

Off 

10. Decade Reset 

S> Normal 

S? Disabled (for cumulative measurements) 

IT Display Blanking 

LI Normal display 

Q Blank display {digits and decimal point) 



tFunctions not labeled on instrument front panel 
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12. Channel A Signal Conditioning 

a. impedance 

A0 1 Megohm 

A1 50 Ohms 

b. Coupling 
A2 AC 
A3 DC 

c. Slope 

A4 -hslope 
A5 -slope 

d. Attenuator 
AS )K10 
A7 x1 

13. Separate - Common 
A8 Separate 

AS Common A 

14. Check 

A< Normal Operation 

A? Check, Measures internal clock 

15. Trigger Level A 

j-volts 

(■tenths of volts 

^hundredths of volts 

A|+[did,dj • 



Code groups 12 to 18 apply 
only when Option 041 is installed. 



Permissible trigger level range: -2,50V to +2. 50V. 

The program sequence to set trigger level starts with the channel designation letter followed 
by a or sign. Next, three digits set the voltage level. An ''*** terminates the sequence. 
The same sequence must be used even to set 0 volts. 

Examples: "A+000*” 0 volts 

-A-123*^^ -1.23 vohs 



16. Channel B Signal Conditioning 

a. Impedance 

t Megohm 
81 50 ohms 

b. Coupling 
B2 AC 
B3 DC 

c. Slope 

B4 -hsiope 
85 -slope 

d. Attenuator 
B6 x10 
B7 xl 

17. Trigger Level B 

B]+[d, d.d^ * 

See Group 15, Trigger Level A, for details. 

18. Channel Invert 

BS Normal 

B9 Invert A and 8 inputs 

19. Reset; Trigger 

(Also see Bus Command GET) 

R Reset, no trigger 

T Reset and trigger 
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3-26. Circuit Operation 

3-27, The following paragraphs describe the circuit operation of Option Oil. 

3-28. STATE COUNTERS. As shown in the schematic diagram, figure 7-7, the state of the ASM 
ROM (current state and next state) is determined by State Counters U14 and U23. These counters 
form an 8-bit presettable binary counter. When pin 1 of U25 is low, the counters will always 
increment. When pin 1 of U25 is high, the counters will preset (jump to another state in the 
program) if the output of U30C is high. The preset address is supplied to theState Counters input 
from the ROM. The program is shown in the operational flowchart, figures 4-1, 4-2and 4-3, The 
output of U30C is determined by the "noT' bit from the ROM (through U21E) and the output of 
the Qualifier FF U11A. The preprogrammed state of the “not" bit determines whether a high or 
low output of the qualifier FF will result in a jump in the program. (This is shown in the ASM 
Operational Flowchart, by the use of the letter "N” in a decision diamond symbol.) The preset 
(jump) is synchronous and only occurs when pin 9of U14and U23 is low and when there is a rising 
edge at pin 2 of U14 and U23. FF U31A synchronizes the reset of the State Counters to occur at the 
proper time. 

3-29. ASM OSCILLATOR. As shown in the ASM Oscillator Timing Diagram, figure 3-7, the 
ASM oscillator circuit provides three separate phases of clock outputs. Schmitt trigger U18A is the 
fundamental oscillator element which uses hysteresis to develop oscillation. The output of U18A 
(through U13) strobes storage latches U11A and B, U15, U19, U24, U26, U28, U33, U31B and U34, 
The output of U18A is also sent through a delay circuit consisting of resistor R14 and capacitorC4 
into U18B to provide another phase of the clock output that determines the next stateof the ASM. 
In addition, the output of U18A is sent through U30A to provide a third clock phase which is 
applied to U31A. The output of U31A resets the 8-bitStateCounter synchronously at power up or 
when the IFC signal occurs. (Synchronous reset prevents loading the storage latches with 
erroneous data.) The IFC signal also resets U26 (ASM storage). The power up reset circuit U18C 
and U18D clears all storage elements, 

3-30. BUS INTERFACE, The bus interface circuit consists of bus line termination resistors, data 
output drivers and data input buffers. Resistors R29 and R30 form the line termination networks, 
U4 is used to buffer the bus line inputs and U5, U10, and U16are high current drivers that drive the 
bus line output. The ATN signal is sent through U9A and U29D to ensure that the gates connected 
to bus lines D101 — DI07 and DAV do not output when ATN goes true. The DAO signal from 
U24(9) arms the DAC signal through U17B to ensure that DAC goes false within a few gate delays 
after ATN goes true. (In some cases, the DAC response from the ROM may be too slow.) After 
ATN is true, DAO is set to a “0“ to allow normal operation of the DAC line, 

3-31. END OF MEASUREMENT. When a measurement has been completed, EF U11B is set. 
This FF is clocked by the closing edge of the LMG signal. Diode CR2 and transistor Q3 keep U11B 
from going to the "1" state when LRES is low or EIRD is high, (During these times the counter is 
being reset and noise appears on the LMG line which could trigger U11B). 

3-32. QUALIFIER MULTIPLEXERS. Five 8 to 1 multiplexers are connected to allow 36 lines to be 
multiplexed into 1 line. ASM ROM U22 controls multiplexers U3, U6, U8, and U32 to select 
individual line qualifiers and U12 to select one of these multiplexers. In addition, U12 checks the 
output of auxiliary State Counter U7, a 4-bit binary counter that allows the same sequence of 
states to be repeated up to 16 times, in the output algorithm, each state represents an output 
character. Qualifier FF U11A eliminates erroneous results by ensuring that the State Counters U 14 
and U23 are not clocked when a qualifier is changing states. This would cause a partial preset and 
partial increment of the State Counters. 

3-33. ADDRESSING. Address Comparator U2 monitors the Data Input/Output (DIO) lines 2 
through 5 and the address switch (SI) settings. When a comparison occurs between the state of 
these DIO lines and the address switch settings, U2 sends qualifier ADDR to multiplexer U8, The 
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TALK ALWAYS section of the address switch provides a means of setting U6so that interface is 
always addressed to talk. 

3-34. DATA OUTPUT. The Data Output circuit outputs characters on the bus data lines. 
Storage circuit U24 transfers outputs from the ROM to DIO lines 5 through 7. U15 selects data 
from either the ROM or the 5328A data bus and transfers it to DIOl — DI04. The state of the "'not"' 
bit from ROM U22(13) through U21E determines the selection made by U15. A displayed digit is 
selected from the 5328A, any other characters (decimal pointy carriage return, exponent, 
linefeed, etc.) are selected from the ROM. 

3-35, ASM STORAGE. The internal memory for the ASM operation is in ASM Storage circuits 
U19, U26, and U31B. There are 17 information bits that can be set or cleared by these circuits. This 
section also includes one-shot U1 which outputs a 1 ms pulse (LRST) to ensure reliable operation 
of the state control circuit U4 on the motherboard. Diode CR3 ensures that LINH is low to inhibit 
the counter during the time that LRST is low. 

3-36. STROBE ENABLE DECODER. Decoder U1 3 is a 4 to 10 line decoder used to strobe the 
various storage latches. Pins 1, 14, and 15 are used to select the device to be strobed and pin 2 is an 
enable which determines the width of the strobe pulse. This pulse is shown by theshaded area in 
Figure 3-1. The output of U25C disables U13 when the ASM is in the decision state mode. In the 
decision state mode, the format bit U22(17) goes high which disables U13. 

3- 37. REMOTE PROGRAM STORAGE. Storage circuits U 28, U 33, and U34are used to program 
instrument functions. U28 stores Time Base codes in 3-bit bytes and U34 stores Function codes in 

4- brt bytes. U33 stores 8 bits of information, one-bit at a time. The Sample Rate, Arming, Storage 
Off, and Decade Reset can be programmed by U33. In addition, U33(4, 5, and 6) control the 
manner in which measurements are made and output to the bus. The inputs to the remote 
program storage circuits are the Module Data A, B, C, and D lines from DIO lines, 1, 2, 3, and 4, 
respectively. 



NEXT STATE OF ASM 






STROBE STORAGE LATCHES 




RESET BINARY COUNTERS U14, U23 



U3013J 



Figure 3-1. ASM Oscillator Timing Diagrau} 
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Figure 3-2. HP-tB Interface Block Diagram 
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SECTION IV 
MAINTENANCE 



4-1. INTRODUCTION 

4-2. This section contains maintenance and service information. Included is a table of recom- 
mended test equipment, verification of performance tests, a diagnostic program, an ASM flow- 
chart, troubleshooting flowcharts, and troubleshooting information, 

4-3. RECOMMENDED TEST EQUIPMENT 

4-4, Test equipment and system equipment recommended to maintain and service Option 011 
is listed in Table 4-1, Test equipment with equivalent characteristics may be substituted for the 
test equipment listed. Due to the programs supplied, only system equipment listed should be 
used for the particular test involved. 



Table 4-1. Recommended Test £qu/pmem and System Equipment 



RECOMMENDED TEST EQUIPMENT 


Instrument Type 


Recommended Characteristics 


Suggested 

Model 


Use 


Oscilloscope 


Bandwidth: 50 MHz 


HP 180A 


T 


Vertical Plug-In 


Sensitivity: 50 mV/cm 


HP 1801A 


T 


Horizontal Plug-1 n 


Sensitivity: 1 ms/cm 


HP 1820A 


T 


Logic State Analyzer 


Clock Input: 60 kHz 
Trigger Word: 8 Bits 


UP 1601 A 


T 




Bit fnput; TTL 
Display Word: 8 Bits 






Digital Voltmeter 


Function: DC, resistance 


HP 3490 A 


T 


SYSTEM EQUIPMENT 


Instrument Type 


Recommended Characteristics 


Suggested 

Model 


Use 


Calculator 


HP-iB compatible 


9820A 


V 


HP-IB Calculator Interface 


Connects 9820A to HP-IB 


59405A 
Option 020 


V 


Calculator 


HP-IB compatible 


9830A 


V,D,T 


Printer 


Compatible with 9830A 


9866A 


V,D,T 


HP-IB Calculator Interface 


Connects 9830A to HP-IB 


59405A 
Option 030 


V,D,T 


V^Verification of Performance Test, D=Diagnostic Program Test, T^Troubieshooting 



4-5. VERIFICATION OF PERFORMANCE 

4-6. To verify the performance of Option Oil, a bus controller is required to control operation. 
Included is detailed information to verify the operation of Option 011, with either a 9820A 
Calculator or a 9830A Calculator used as the bus controller. 
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A-1 . Before using one of the bus controllers and lest programs to verify proper operation of 
the interface, a preliminary test must be performed. The preliminary test is called the Local 
Operation Test* 

4-8* Local Operation Test 

4-9* Table 4-2 shows the preliminary test. This test checks for proper local operation, and 
must be performed prior to the verification of performance test* 



Table 4-2. Local Operation Test 



Instrument Setup and Test Procedure 


Test Description and Expected Results 


Set 5328A Counter with Option 011 as 
follows: 

FUNCTION CHECK 

FREQ RES 1 kHz 

SAMPLE RATE CCW 

ARMING OFF 

STORAGE ON 

OSCILLATOR INT 


5326A with Option Oil should be displaying 
10.0000 MHz 

The counter should also be gating and con- 
trollable by the sample rate* 

If the counter fails the above test, disconnect 
one end of the 28-conductor cable, and per- 
form the test again* If the counter passes, 
refer to Local Troubleshooting Flowchart, 



4-10* Verification Using a 9820A as a Bus Controller 

4-11, When a 9820A is used as a bus controller to make a verification of performance check, 
the following equipment is required; 

Model 5328A Counter with Option Oil 

Model 9820A Calculator with ASCII Bus Interface Model 11144A-020 



4-11 Connect the equipment as follows: 

a* Insert the peripheral control 11224A PC 11 ROM in ROM slot three of the 9820A 
Calculator. 

b. Insert the 59405A HP-IB Calculator Interface card into one of the 9820A I/O slots, 

c. Connect one end of a Bus Interface cable (any of the four lengths available) to the 
Option on, and the other to the 59405A Interface card* 

4-13* Before loading the program, press the END and EXECUTE keys. This positions the pro- 
gram counter to zero. Press the remaining keys in the program, as shown in the calculator key 
column of Ta6/e 4-3. 



4-14. 9820A program list and program response 

9820A Program Listing 

0 « 

Ci1]j " ?U9 "5 " PFi G6 



1 2 

FMT 

FIT 8? DSP R;PRT 
Rh 

IP 

Q T 0 Q h 

END h 
h! 1 9 



9820A Program Response 

i . 00000000 E 07 
1 . 00000000E 07 
1 „ 00000000E 07 
1 . 00000000E 07 
1, . 0 i;:!i 01 01 0i 0l 0i E:! 7' 

i , 00000000E 07 
i ,, 0 0600000 E 07 
1 „ 00000000E 07 
1 „ 00000000E 07 
1 00000 060E 07 
1 . 0000000 0E 07 
1 . 00000000E 07 
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Table 4-3. 9820A Verification Program 



PROGRAM 
LINE NO. 


COMMAND 


PROGRAM DESCRIPTrON 


CALCULATOR 

KEY 


1^ 


CMD 


Control statement. Refer to 11222A periph- 
eral control II operating manual FHP Part No. 
09820-99024, page 2-11. 


Bus Command 


0 




first quotes following CMD statement 
specifies address mode. 




0 


? 


Unaddresses all listeners on the Bus 


? 


0 




Calculator's talk address, puts calculator in 
talk mode. 




0 


9 


5328A/S listen address, puts 5328A in remote 
and listen mode. 


9 


0 




Terminates command mode 




0 




Delimiter between modes 


, 


0 




Second quote field, after CMD statement, 
specifies data mode. 


" 


0 


P 


5328A remote program initialize (refer to 
Table 3-3 Program Code Set) 


P 


0 


F< 


S328A program code for check 


F 

< 


0 


G6 


5328A program code for 1 s gate time 


G 

6 


0 


T 


5328A reset and trigger command 


T 


0 




Terminates data mode 




0 




Delimiter between modes 


, 


0 




Specifies address mode 




0 


? 


Unaddresses all listeners on the bus 


? 


0 


Y 


5328A's talk address, puts 5328A in talk mode. 


Y 


0 


5 


9820A's listen address, puts 9620A in listen 
mode 


5 


0 




Terminates address mode 




0 


STORE 


Stores program line 0 into calculators storage 


STORE 


1 


fMT* 


Defines free-field format, refer to 11224A 
peripheral control II operating manual 


FORMAT 

* 


1 


1 


End of statement delimiter 


'f 


1 


RED13,A 


Reads data, over the Bus through the inter- 
face card into register "'A" 


RED 

1 

3 

A 


1 


; 


End of statement delimiter 


; 


1 


FLT8 


Specifies 8 digits to the right decimal 


FLOAT 

8 


1 


; 


End of statement delimiter 


; 


1 


DSP A 


Causes contents of '“A"' register to be 
displayed 


DISPLAY 

A 


1 


; 


End of statement delimiter 


; 


1 


PRTA 


Causes contents of "A” register to be primed 


PRINT 

A 


1 


STORE 


Stores program line 1 into calculator memory 


STORE 


2 


CO TO 0 


Causes program to loop back and execute line 
0 again 


GTO 1 

0 


2 


STORE 


Stores line 2 in memory 


STORE 


3 


END 


Ends program 


END 


3 


STORE 


Stores program line 3 into calculator 


STORE 
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4-15. To verify proper program loading, press the END and LIST keys. This gives a printed 
listing starting from line zero. Check the program listing received against the listing in 4-14 
to assure proper program loading, 

4-16. Running the program is accomplished by pressing the END and RUN PROGRAM keys. 
The program will continue to run and printout until the STOP key is pressed. 

4-17. Successful completion of the verification test is shown by the 9820A Program response 
in paragraph 4-14, 

4-18* Verification Using a 9830A as a Bus Controller 

4-19. When a 9830A is used as a bus controller to make a verification of performance check, 
the following equipment is required. 

Model 5328A Counter with Option Oil under test 
Model 9830A Calculator 
Model 9866A Printer 

59405A HP-IB Calculator Interface (Option 030) 

4-20, Connect the equipment as follows: 

a. Connect the 9866A to the 9830A as outlined in the HP 9866A Printer peripheral manual. 

b. If the 9830A does not have Option 274, insert Extended I/O ROM 11272B in any avail- 
able ROM slot. 

c. Insert the 59405A HP-18 Calculator Interface card into one of the 9830A I/O slots. 

d. Connect one end of a bus interface cable to Option 011, and the other to the 59405A 
Interface card. 

4-21. Before loading the program, press the SCRATCH and EXECUTE keys. This clears the 
memory and allows the new program to be entered. Press the remaining keys in the program, 
as shown in the calculator key column of Table 4-4. 

4-22. 9830A program listing and program response. 

9830A Program Listing 

10 F' OR 11 Fit i 0B 

00 OUTPUT a 3:i 10)768; 

30 CUB !I '‘PF<G6T " 

40 ENTER 

50 BI8P FI 

60 PRINT R 

70 GOTO 30 

80 END 



9830A Program Response 

1 8 0 00008 
1 008 0 000 
i 0080 0 00 
1 000000 0 
i 0 000000 
1 00 0 0000 
1 0000 000 
1 0000000 



4-23. To verify program loading, press the LIST and EXECUTE keys. This gives a program 
listing from the 9866A Printer. Compare the printed listing received, against the 9830A pro- 
gram listing in 4-22 to assure correct program loading, 

4-24. To run the program, press the RUN and EXECUTE keys. The program will continue to 
run and printout until the STOP key is pressed. 

4-25. Successful completion of the 9830A verification program is shown by the 9830A Pro- 
gram response in paragraph 4-22. 
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Table 4~4. 9S30A Verification Program 



PROGRAM 
LINE NO. 


COMMAND 


PROGRAM DESCRIPTION 


CALCULATOR 

KEY 


10 


10 


Defines statement line number 


1 

0 


10 


FORMAT 10B 


Defines binary format that can be called by 
its line number 


FORMAT 

1 

0 

B 


10 


END OF LINE 


Stores line number 10 into memory of 
Calculator 


END OF LiNE 


20 


20 


Defines statement line number 


2 

0 


20 


OUTPUT(13J0) Output statement, causes 768 to be sent over 
766 the bus (select code 13) in the format of line 

10. (Refer to 9830A HP Interface Bus Users 
Guide. HP Stock No. 59300-90002} 


OUTPUT 

( 

1 

3 

f 

1 

0 

) 

7 
6 

8 


20 




End of statement delimiter 




20 


END OF LINE 


Stores line number 20 into memory of 
Calculator 


END OF LINE 


30 


30 


Defines statement line number 


3 

0 


30 


CMD 


Bus command statement. Defines following 
information as bus data or command 
information 


C 

M 

D 


30 


/f 


First quote field following CMD statement 
specifies command mode 


ff 


30 


? 


Unlistens all listeners on the bus 


? 


30 


M 


Calculator talk address. Places Calculator in 
talk mode. 




30 


9 


5328A listen address. Places 5320A in listen 
mode 


9 


30 


/f 


Terminates command mode 


f/ 


30 


j 


Delimiter between modes (command and 
data) 


r 


30 


// 


Second quote field specifies data mode 


ff 


30 


P 


5328A programming code for remote program 
initialize (refer to Table 3-3 Program Code Set) 


P 


30 


F< 


5328A program code for check function 


F 

< 


30 


C6 


5328A program code for 1 second gate time 


C 

6 


30 


T 


S326A program code for reset and trigger 
command 


T 


30 




Terminates data mode 
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7a6/e 4-4. 9830A VenY/ca(/on Program f Continued) 



PROGRAM 
LINE NO. 


COMMAND 


PROGRAM DESCRIPTION 


CALCUUTOR 

KEY 


30 


J 


Delimiter between modes 


j 


30 


1/ 


Third quote field following CMD statement 
specifies address mode 


ff 


30 


? 


Unlistens all listeners on the bus 


? 


30 


Y 


5328A talk address. Places 5326A in talk mode 


Y 


30 


5 


Calculator listen address. Places calculator 
in listen mode. 


5 


30 


ft 


Terminates address mode 


// 


30 


END OF LINE 


Stores line number 30 into memory of 
calculator 


END OF LINE 


40 


40 


Defines statement line number 


4 

0 


40 


ENTER(13/)A 


Enters data over 13 (bus) in *(free-field 
format) into the “A^' register of the calculator 


ENTER 

{ 

1 

3 

* 

) 

A 


40 


END OF LINE 


Stores line number 40 into memory of 
calculator 


END OF LINE 


50 


50 


Defines statement line number 


5 

0 


50 


DISP A 


Causes contents of ''A'" register of calculator 
to be displayed. 


DISP 

A 


50 


END OF LINE 


Stores line number 50 into memory of 
calculator 


END Of LINE 


60 


60 


Defines statement line number 


6 

0 


60 


PRINT A 


Causes contents of "A” register to be printed 
by 9866A 


PRINT 


60 


END Of LINE 


Stores line number 60 into memory of 
calculator 


END Of LINE 


70 


70 


Defines statement line number 


7 

0 


70 


CTO 30 


Causes program to loop back to line 30 


C 

O 

T 

O 

3 

0 


70 


END OF LINE 


Stores line number 70 into memory of 
calculator 


END Of LINE 


80 


80 


Defines statement line number 


8 

0 


80 


END 


Ends program 


END 


80 


END OF LINE 


Stores line number 80 into memory of 
calculator 


END OF LINE 
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4-26. DIAGNOSTIC PROGRAM AND TROUBLESHOOTING 

4-27. Since Option Oil is an interface controlled by software, effective problem diagnosis 
and troubleshooting require a thorough understanding of program execution. The interface con- 
nects the 5328A Counter to the HP-IB. Therefore, a good understanding of the 5328A Counter 
and the HP-IB is also required. 

4-28. The diagnostic program in Table 4-5 is written for the 9830A. it performs overall testing 
and failure diagnosis of Option Oil. A description of its use and an explanation of each test are 
included with the program. 

4-29. Each test in the diagnostic program has a corresponding troubleshooting flowchart. 
With the troubleshooting flowcharts is a description that includes when and how to use them. 
The names of the troubleshooting flowcharts correspond with the test in the diagnostic program 
for easy reference. If the problem cannot be isolated by use of the troubleshooting flowchart, 
the flowchart will lead to an ASM state table where troubleshooting will require evaluation of 
ASM operation. 

4-30. The overall ASM flowchart, included with a description, shows the possible ASM oper- 
ational loops. Use it in conjunction with the ASM state tables, when troubleshooting, to deter- 
mine what operation the ASM is performing during a given ASM address. 

4-31. The examples of basic ASM problems at the end of this section include identification 
procedures and troubleshooting techniques. 



4-32. Option 011 Diagnostic Program 

4-33. The diagnostic program in Table 4-S is written for the 9830A Calculator and is designed 
to completely test Option 011. It is intended for use when the Option 011 either fails the per- 
formance test, local operation test, or the user feels that there is a problem with the interface 
board, not found in the above stated tests. 

4-34. If it is necessary to type the total diagnostic program into the 9830A memory, it is ad- 
visable to store the program on a cassette for possible future use. Refer to Hewlett-Packard 
9830A Calculator, Simplified Operating Instructions, HP Part No. 09830-90000 for explanation 
of cassette use, 

4-35. LOADING THE PROGRAM. Prior to loading the program, push the STOP key down 
until STOP appears on the display. If the display remains blank refer to 9830A Operating and 
Programming Manual, Appendix A. Push the remaining keys to program the calculator as shown 
in the printer list in Table 4-5. 

4-36. VERIFY THE PROGRAM. After the program has been loaded, push LIST and EXECUTE 
keys. This will run a printer list of the program. Check the list to verify that the program was 
entered correctly. 

4-37. RUNNING THE PROGRAM, To run the program push the RUN and EXECUTE keys. 
When the calculator display asks for a response, perform as requested then press CONT, then 
press EXECUTE. If the display asks a question for which the answer is "no”, answer by press- 
ing N then pressing EXECUTE. The first part of the program, as shown in the printer list in 
Table 4-5, consists of many tests. Each test has a subroutine number that follows the test title 
in the list. Any single test can be performed by pressing CONT, typing the number next to the 
specific test and the EXECUTE keys. 
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1 f" U K! M F'i i i I'J bi 

30 FORMRT F5.0 
30 DIM Fl^[j.0]fB 


$C 1 Jj Cl[ 5 ]) Z$[ 32 ] 


II 1“' 1 [ '9 ] 


40 

50 DISP "5333FI 


HP IB TMTERFFiCE TE 




60 NFlIT 1500 
70 DI3P "SET LI 


STEM Hl!]j» TO 9 ;i 


NO ILKA" 


80 STDF’' 


TEST RMT/LOC 




yo RLMi 




1,00 0GSUB 510 
110 REM 5 


TEST LLij 




130 GOSUB 660 
130 REM! 


TEST GTL 




.1,40 GOSUB 880 
150 REM! 


TEST TFiLK mN:i;i 


UHTALK 


160 GOSUB 950 
1?0 REM! 


TEST 1 TSTEN Rh 


D AHI '[ATEN 






180 GOSUB 1040 
190 REM! 


TEST GET 




300 GOSUB 1 140 
310 REM! 


TEST DCL 




220 GOSUB 1360 
330 REM! 


TEST SDC 




340 GOSUB 1390 
350 REM! 


TEST FM Ci:j:"'Ei. 


TB CODE II DP AND ANN 


360 GOSUB 1730 
370 REM! 


TEST P 




280 GOSUB 1910 
290 REM! 


TEST R 




300 GOSUB 3000 
310 REM! 


TEST MULT 




330 GOSUB 2120 
330 REM: 


test DDU 




340 GOSUB 2230 
350 REM! 


TEST SAMPLE RR 


TE CONTROL 


o o Li U 'o IJ ill! 1^! w 0 






3'^ k l~ fi S 


TEST ARMING 




380 GOSUB 2440 
390 REM! 


TEST STORAGE 




400 GOSUB 2520 
410 REM! 


TEST DECADE RE 


S El! T D !l i:i i"1 i:i l,.„ Ei, fl 14 l,.i ,Li ,L i^i l,i U 1 


420 GOSUB 3650 
430 REM: 


TEST OVER FL DM 




440 .GOSUB 2750 
450 REM! 


TEST TALK ALMA 


'v"S 


■^1 6' 0 G lO Si L,i E> 2l 8 2 0 
470 REM: 


TEST ADDRESS S 


M ![ "i" IS H 


■ 430 G08UB 2920 
490 DISP "532SR 


HP IB IHTT CHECK 


COMPLETED" 


500 STOP 
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Table 4-5. Diagnostic Program List (Continued) 



1 0 


REM 5 SUB F'l 


jR 'I'ES r 1 i 


7MT/L0C 


;::«20 


OUTPUT ( 13:^ 13)763n 






i:!i 3 0 


CMIi "?US" 






‘;i40 


II ISP “IS COLIhriER IH 


RENO TP ‘ ; 




' 0 


INPUT C$ 






360 


IF' ■pOSujilT 1 „ 1 ■ 


IHEH 5'S0 




'j r ';j 


,D I E>F " Ul.I UN J EJl h M 1 L 3 


RMT TECH'" 




! j .Li 

' 'I '-■> 


\ 

OUTPUT < 13 J 1 0 ; 1 0S4 ii 






600 


.U I "1 P '' ITJbU U UUN 1 EP: 


:;n TO LijCfiL 


|i 


6 i 0 


INPUT Cf 






6 i;:! i'j 


IF pijso:$L 1 :i i :];< B$.) 


i' Hhl’ ' 




i:^i 3 0 


DISP "COUNTER FRIES 


TO :.U TO L 


JCHL '■ 


640 


STOP 






6 5 0 


RETURN 






r::- ct 0 


REM! SLiEiRu 


.,1'TINE FOR T 


L U I j. rib LLu 


670 


OUTPUT ( 13j 10>';TbS! 






6 00 


0UTF4JT ( 13ii 10)356^! 1 


5 1 2 . “ 




6 El 


cm "-'US" 






r'' 00 


MSP "PUSH RESET BU 


■S' TON" ? 




3 i E:i 


STOP 






7 2 . Eil 


JJ 1 Up '' DubU UUUN 1 b K 


STTTt' in RMT 


II n 
it 


330 


INPUT Cf 






7' i^! 


IF posoon 1 II 1 :i? B^FJ 


INE!] 770 




r’ Li !;:!! 


DISP "LLO FOILS"; 






7 60 


STOP 






??e 


OUTPUT ( 13? 10) 1024 








OUTPUT '113? 101768 






790. 


Oi'il! "OIJ'S" 

Ij.LbP Fbob i E:;!iJ 

STOP 


'T T la N '■ 




ci i:J Li 

i3 1 0 


1 : iJl': ii 




j;!,. 


I ISP "DOES COUNTER 


GO TO LOCO!,.. 


'} 


E^30 


INPUT C:f 






340 


IF POS(Cli: 1 II 1 ]? El 'll 


1 H h, i' i o u 0 




050 
£: 6 d 
El 7 0 


DISP "COUNTER FRIES 

c:- T !"'i j::i 


TO GO TO L 


OCRL'^ 1 1 

1 


RETURN 






880 


REM! SUB F 


OR TESTING 


GTE 


9 Q 0 


CMD "?US" ? "PF<L0T" 






3 El 0 


L.i 1,1 1 F"' U I 1 3' ii il 1'“^ ■' 1-' U S' i '1 1 


!i 15 1 H 




i l!?' 


IF STflTlSM THEN "94 


il:i 




'\C!r 


.DISP " IN 1 ERl-RUF: FRI 


LS TO TO TO 


i LOG RE"? 


030 


ST OP 






940 


RETURN 






950 


REM! ■S!,„iE F 


UR TESTING 


trlit rnd 


9 6 0 


CMD "''UJ9" s "PF<G0T" n 


u Y 1..^ .1 




97 0 


OUTPUT U3? l0)25Sf 2 


'4 ? j. ?:!;! li 




L' El 0 


p = Pi El V T E 1 3 






990 


OUTPUT as? 10>2S6? 3: 


■5:i 5 1 E; 




:l000 if f'F^=64 THFN 1030 






I 10 1 


0 DISP "IMPROPER SRC 


! " 




100 


0 STOP 






103 


0 RETURN 







1-9 




Option Oil, Model 5328A 
Maintenance 



Table 4-5. Diagnostic Program List (Continued) 



1 


R E n ; S U El F; 0 U T' I H 16 O T E! Ei T' ]! N i: L. 1 8 T 16 N h 


ND UNLISTEN 


1 0 t :(0 


CMIi '"?Li9‘' ? "PF'-CGgiT" 




1 060 


I F 8 T 1 "^ T i 3 \ 2 1 iH 1::! H 1 0 9 0 




1 070 


D I S F=' " i: 10 U N T E 12 D 0 E. S H 0 1" L. ]; 8 ; T I 6 N F F2 1 j F' I7 F’ L 'v' " 




1080 


STOP 




1080 


CMD ’"?LI9" ? ‘M-'F'<G0R" i j "T" 




1 100 


IF- STRT13>1 THEN 1138 




1110 


It ISP "COUNTER run NOT LI STEIN" 




1120 


STOP 




1 130 


RETURN 




1 1 40 


REMS SIJI3R0UTINE FOR TEST I NO GET 




]. 1 K) 


CM II "?U9" ? "PP\G 0 R" 5 




1 160 


OUTPUT 1 iSs 10)256? 8 ? 512? 




1 1 70 


IF STFiT13>l THEN 1200 




1180 


lUSP "TRIGGERS NHEH NOT RDDR TO LISTEN" 




1 190 


STOP 




1 200 


CMII "9" 




1 £ 1 0 


OUTPUT (.13? 10)256? 8 i! 512 




1 £20 


IF STHTlEKl IHEN 1250 




1 230 


DISP "COUNTER FRIES TO RESPOND TO GET" 




1240 


STOP 




12'::0 


RETURN 




i Sb 0 


REM! TEST DCL 




1270 


UlTD 3 '' F'4'' ''J.:! 0351' '' \i '’?V5" 




;i 280 


ENTER 1 13? *>2$ 




1 290 


IF Z$i: 1 5? 15 THEN 1320 




1300 


DISP "NO CHECK N==l" 




3, 3 3, 0 


STOP 




1 320 


10 t„l T' F‘ U T '■ 1 2i ? J, 0 '> ;2 1:1 ? 2 i0 li I; 3, 2 1 




1 330 


CMD "?U9" ? "S5" ? "?V5" 




1 3' 4 0 


E N 1 El R! V 1 lit ? ^ ii' 111 T 




1 350 


IE Zli: 15? 15]=^i"0-' THEN 1380 




1 360 


DISP "DCL DOES NOT NORK" 




3i -ji* i' 0 


STOP 




1 380 


RETURN 




1 390 


REM! TEST SIC 




1400 


OMD "?U9" ? "PF<G0S5T" ? "?V5" 




1 4 3, 0 


ENTER C 13? *)ZP 




1 420 


IF Z$[ 15? i5::i==^"6" THEN 1450 




1 430 


DISP "NO CHECK N=5, " 




;[ 4 4 , |/| 


STOP 




1 450 


OUTPUT < 13? 10)256?4? 512? 




1460 


CMI " ?U9 " ? " S5" 




3, 4-7'0 


CMI "?)''5" 




1480 


ENTER c: 13? *>Z:l^ 




149 8 


ENTER <13?*)Zl: 




1 f “;00 


IF Z$C 15? 15 ]-"b" THEN 1538 




1510 


DISP "RESPONSE TO SDC WHEN NOT MLn" 




1 520 


STOP 




1 530 


CMD "9" 




!L 5i '4 01 


OUTPUT (13? 10 >256? 4? 512? 




1 550 


CMI " ?U9 " ? "S5" ? "''"'V5 " 




1 560 


ENTER C 13? *)Z$ 




1 570 


IF Z$[ 15? 15]^="0" THEN 1600 




1 580 


IISP "NO PESPONSFc TO RDC" 




1 590 


STOP 




1 600 


RETURN 
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Table 4-5. Diagnostic Program List (Continued) 



1610 REM! SUBROUNTIHE FOR TESTING TB^FN CGHESsDP RNH 
RNNUHCI RTQR RERDOUT 

1620 CMD 3 

1 fci •:! k:i E:. N T b R' '1 1. Si 5 } Z $ 

1640 FOR TO 32 

lEibCii IF" l'''OEi(Z$[ III I ]? ", " ,) "■ I THFiN i6?'0 

1660 NERT I 

1670 IF liNi THEN I '1^00 

J6EM j-^vruzih: isim 1 , 5 :]) 

iiIT'0 IF J==B THEN I T2i;i 
1 01 i;3 ![i I f"’ “ I M i"' E! Li f"' E’ F^! ]] j~j "i” fii[ i"i i i T' F- i I "j" " i ■"! 

1710 STOP 
!l, !■' 0; i;.i h! E! T U F'i iT 

1 7‘ :3 0 R FI M s S: l„J EH F? 0 1 J 'T i: N FI F- 0 FI; T F: li? 1” 1 N G F N ^ T' B C: 0 ]H FI S ? Ti F'‘ R N ]J f=l N N . 
1740 FDR FL='=0 "i IJ L 
1750 fi$=:"PF<G0S5T" 
i. 7 Hi I;? iJ i.] T F'‘ U T '1 f" $ 1 2 F;i ''' Fi' 

1770 R:T[ 0? 5 ]==P$[ 5? 5 ] 

1780 R"4, 1-K 
1 ?S'0 ei™e; 

1808 GDSUF3 ISIO 
1810 NERT K 
1820 R™il 

1 !iii' 'Jii 10 h' Eli 

1 840 fll~" " PF0G0S5T " 

1.850 G03UFH 1 6 1 0 
1860 R-18 
1870 B-3 

1880 Rl™ Pi- "'GO SOT" 

1890 GOSUB ISUl 
1 980 8E TURN 

1910 REMS SijgDQ|jTij,||::: pQn TESTING P 

1 2 ill IS M Ti ' ■ V iJ S' " ? " F" i"- < G Ei 1" P F:! 5 ' ’ ‘ ' '? T' 5 ' ' 

1930 R=ll 

1940 B==0 

1950 GOSUB 1630 

I960 IF STFTT13>1 THEN 1998 

1978 DISP "P FRIl.Ej:i TO CLERR SPR" 



2000 E; FI Mil 

2010 CMI) "PUS" ? "PF 
2020 ENTER < 1 3 ? * > D 



iMi 0 H' LI 1,1 .!, -1!!' 1“" L,l U 1 1 [ 111 j'^l [■" r'i ,[ j„_ 1;;;, ,L L , F"j ini. I'L F‘ 1 !!ii. H liiii ' ' I 



2060 CMIi "-'U9"3 "SI:iR"9 " 
2070 ENTER < 1 3 j * ) D 
2080 IF :D = 0 TF'iEN 2110 
2090 DISP "RESET FRIL..S 

■“ i i rlifFi 7";"rT"ip 

2110 RETURN 
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Table 4-5. Diagnostic Program List (Continued) 



2: 1 . 20 


REl'12 SUBROIJTTNE 


FOR testing MLT 


2 1 30 


CMB ’'7US" '‘PF<G0R" 




3: 1 0 


IF STMTi3>l, THEN 2i70 




Z 1 50 


liISP "CTR I'lIL.L HOT rlHKE ' 


III HOLE MERS" 


P 1 hli 


3T0P 




2: } 70 


CMIi "?U9'Hi"Sr' 




2 1 30 


IF 3TPTi3<l TfiEH 2210 




2 i 90 


DI3P "COUNTER HILL NOT N 


RKE MULT MENS" 


2200 


STOP 




22 1 0 


RETURN 




2: i:;! 2: 3l 


REM; SUBROUTINE 


FOR CHECKING UliiJ 


32 00 


CMlJ s " FH"-'< G0S3T " 




2240 


IF STRT13>I THEN 2270 




22S0 


,D 1 'o F'' ' hi f“‘ 1 fcj jJ L.i E:. S H U H !". 2 


■■ip TO ilDU" 


2260 


STOP 

pcTi 




3280 


r', \ U 1 1 

REMi: '3 LIBROUT I HE 


FOR TESTING SR CONTROL 


2230 


Clin "?U9" '‘PF<[l0S13"r 




2300 

"'ii' 


niSP "PUT COUNTER INTO K 

C' l'"E 0 


oi„:d" 


i... i 
'r' i7l 


O 1 Ur 

DISP "IS GiHTE LIGHT ON C 


ONTINIJOUSL V " ? 


23 3 0 


INPUT C$ 




2340 


IF PQS<CT[ 1 II 1 ;U BII THEN 


iuii 2 i''' u 


2350 


p " Q fj [ j \.\ [ p H.; p Q [ I \ ]'‘j i j p 


i. N rlHF 3h! 


2360 

■'!!’ ■'!!’ I'S 


STOP 

rivl Ti Oi IQ , M O Lit 




tlL i u 

7380 


L' 1 1 J.J ; 1..,' .2 ? ! 

DOES SRMPL.E ROTE P 


OT NORK"! 


!;:! 'l"' 


INPUT Cf 




24 00 


IF POS(C$[ 111 1 ]ii Bl> THEN 


2 430 


24 1 0 


inSP "SFIMPLE RRTE POT SH 


GULP NORK" 5 


3420 


STOP 




2430 


RFTtIRN 




2 . 4 '4' 0 


Rbi'i SUBROUTINE 


for testing FlRMIf'.|G 


2 4 5 6 


niSP "HO TRIGGER INTO CH 


B FiLLONED " ? 


2 4 b 0 


STOP 




2470 


CMD "?U9"ii "PF<G0S;T" 




.'t l^'"a q'S 

1: J 


IF STRT13>1 THEN 2510 




249 0 


IiISP "COUNTER FRILEI) TO 


FIRM CORRECTLY " 5 


250 0 


STOP 




2510 


RETURN 




2520 


REM: subroutine: 


FOR TESTING STORRGE 


2530 


CMIi " ?U9" 3 "PF< OFTS-ST " 




2540 


WRIT 1000 




2550 


UMD '''i''U9" f " ST " !! “'"'V!'""'' 




2560 


ENTER ( 13? #::'D 




2570 


LLJ 




2580 


DISP "STORRGE FAILED TO 


f URN GipF " ? 


Z 5 '9 0 


STOP 




2600 


ENTER a3ii*:L[il 




26 1 0 


IF Dl-D THEN 2648 




2620 


:[iisp "storro;e ehils to g 


;Ci BRCK ON"; 


2630 


STOP 




2640 


RETURN 
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Table 4^5. Diagnostic Program List (Continued) 



k.! i::i 


r;Firi 11 




SUE! 


RgUTIF.|F FOR 


test 


IrFG 


DEChDE RESET 








li 1 


RE: EL RND I) 1 


G OU1 






2660 


CMD "?U9" 


^ "F3"'< 


V.U 5 S 


? R " 








267 0 


for: T 


G 10 












2680 


CUD "VU9" 


? " ! 'ji 


' 1 










2690 


ENTER a, 3 


^ ■i';' ) 1!) 












2700 


IF" IT:=I*1E 


4.07 T 


MEN 


2730 








2710 


DISF^’ "DEC 


RES 


D :e S 


OR DIG OUT 


FjITD" 


lI 




2720 

■'!> I's 


STOF" 

kj i: V ‘T T 














t. ( -.j 

2740 


H L J -1 ! i. 

RETURN 














2750 


REM 11 




SUE 


ROUTINE FOR 


TEST 


I NG 


ll! 'v' f:::. R F' L... I. J N 


2 7 6 10 


CMD '"■■'MR" 


T PF< 


'••:i r 1 










2770 


ENTER a, 3 


3 * >2$ 












2780 


T P 7:i^r 5 i 


]"■ " 0 " 


\ l"i 


EN 2810 








2: 7 13 


DISF^ "OVE 


RFLGF.I 


FR 


I LED " !> 








C' !:3 L!l 


ST0F> 














28 1, 0 


RETURN 














28 £ 0 


REN 11 




SUB 


RijU ! ,1 f'lE i- OR 


'T' f: C] 


TNG 


TRLKR 


23 3 0 


CMD "9" 














2 8 ^4 \o 


OUTF^UT C 1 


3 s 1 0 ) 


i|^i 


? 1 ^ 512:1 








2850 


DIS'F" FFIL 


K Fi|!.„.N 


ii V S 


? L.' F‘l \\ !i 14 ■■■=■ 1 


MRir II 






286 0 


STOP 














287 0 


CMD '‘?5" 














288 0 


ENTER ^13 


! * ; 2$ 












2890 


FUR 


N OFU" 


TFl 


LK Hi UnV3 " ? 








2 90 0 


STOP 














2 . 9 :i Ei 


RETURN 














2 92 0 


Rl E! M “ 




SUB 


ROUT 1 NE FOR 


TEST 


i HG 


FED DR ESS SNlTCFl 


29 30 


OUTPUT c. 1 


31 ? 1 01 


2 5 6 


!> i;::! kli ? 5 J. 1;:;’ ! 








29 4 0 


DI8P "SNI 


tCH T 


0 ll 


isten ftiidre 


83 4 " 


ii 




291“h:i 


STOP 














2960 


CMD "?U4" 


! "PF< 


i:d i; j I 


" , "v5T“ 








2970 


R=1 1 














2930 


B==b 














2990 


GOSUFi 163 














3000 


'niqp "CjiiiT 

.IJ ,1, v.t r -H.-i ■' Ti ,i. 

C "1" f'F 


ILIH ! 


!... 


ISTEN FiDBRE 


■ J -'J' 


’i 




J. 1||J 

3020 


■D 1 Ur 

OUTPUT ii'l 


3 ? 1 0 ) 


iiir 


|| 0 :* ::i 1 i;::' =! 








8030 


cm:i "?u*" 


, "PF< 


G 0 T 


" "?J5" 








3040 


GOSUFiS 163 


0 












3050 


RETURN 
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4-38. PROGRAM DESCRIPTION. In the diagnostic program, A$ is used as the string variable 
to program the counter. Z$ is the string variable that represents what the counter delivered as 
output. After any test failure, these two strings may be examined showing what the counter was 
programmed to and what it outputted. The following tests exercise the operations as described: 

a. Test REMOTE /LOCAL (RMT/LOC) 

REN is sent true in line 520 of the program. The counter is addressed to listen in line 
530. At this point it should go to remote. Line 590 turns REN false which returns the 
counter to local. 

b. Test LOCAL LOCKOUT (LLO) 

Line 680 programs LLO and 690 sends it into remote. At this point, pushing the counter 
RESET button should not return the counter to local, Lines 770 and 780 cause REN to 
go high and then low causing LLO to go off. The counter then should go to local when 
the RESET button is pushed. 

c. Test GO TO LOCAL (GTL) 

Statement 890 causes a service request while 900 causes the instrument to go to local, 
disabling that request. If there is a service request it is assumed that the counter didn't 
respond to GTL. 

d. Test TALK and UNTALK 

The counter is programmed to service request and talk in lines 960 and 970. If the 
counter reads out a status byte of 64 it is talking correctly. 

e. Test LISTEN and UNLISTEN 

The counter is programmed to service request and must listen correctly in order to do 
so. In line 1090 it is instructed to unlisten before a trigger command. Not receiving a 
service request from the counter would signify correct response to the unlisten command. 

f. Test CROUP EXECUTE TRIGGER (GET) 

The counter is prepared for a measurement but not triggered and unaddressed to listen 
in line 1150. The GET command is then sent. The counter must not respond to this since 
the GET command is an addressed one. The counter is then addressed to listen and 
should trigger, giving a service request. 

g. Test DEVICE CLEAR (DCL) 

The counter is programmed for a standard "Check” measurement in line 1270. In 1280, 
the data output is received from the counter to see if it programmed correctly. DCL is 
programmed in line 1320. The counter is then told to read out on the fly (that is the only 
way it will read out the string the second time) and the exponent digit is checked for 
a "0” where it was a "6” before DCL was applied. 

h. Test SELECTED DEVICE CLEAR (SDC) 

The test for SDC is the same as for DCL except the counter is also checked for not re- 
sponding to SDC when not addressed in lines 1450 and 1520. 

i. Test FUNCTION (FN), TIME BASE (TB), DECIMAL POINT (DP), and ANNUNCIATOR 
READOUT 

In this test "A” represents the position in the output string where the DP is expected 
(A=4 fn DP on right of MSD, increasing to right). The B represents the value of the ex- 
ponent read out by the 5328A. In this test a series of function and time base code com- 
binations are programmed and their output strings checked for proper DP position 
and exponent value. This subroutine calls the one beginning at line 1610 which 
actually checks to see if the A and B numbers are correct. 
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j. Test"P" 

In line 1920 an SRQ is generated and then cleared by the second "P” in the A$ string. 
The counter is then checked to see if the Function code reset to STOP and Time Base 
code to 0 and that SRQ was cleared. The command "P" sets the counter to a power 
up reset state, the same as SDC and DCL. 

k. Test "R” 

The counter is programmed to a normal check measurement in line 2010. The reading 
is then checked to be correct (nonzero). "R" is then programmed in line 2060 and the 
data output is then checked to be zero since resets the DCA, Display, and Time 
Base. 

l. Test MULTIPLE MEASUREMENTS (MLT) 

Line 2130 sets the counter to MLT true (SI) and the counter will make multiple mea- 
surements. Thus it checks to see that it is off by testing for no completed measurement. 
MLT is then turned on in line 2170 and the counter is tested for triggering which it 
should do. 

m. Test for not WAIT UNTIL ADDRESSED (ODU) 

ODU is tested by checking to see if SRQ is disabled when ODU is on (S3). ODU dis- 
ables SRQ. 

n. Test SAMPLE RATE (SR) Control 

The counter is put into maximum cycle mode (S13) first to see if the counter will cycle 
rapidly. Then (S7) in line 2370 is also programmed causing the sample rate pot to work 
and is tested by the user. 

o. Test ARMING 

The counter is programmed to an armed check function in line 2470 when Channel B 
arms the measurement. With B not triggering the counter should not trigger. 

p. Test STORAGE 

Storage is turned off on line 2530 for a check measurement with a long gate time. It is 
then turned on again. Two samples of the data are read out and if they are the same 
and not zero storage, on and off must have worked properly. 

q. Test DECADE RESET DISABLE and DIGIT OUT 

In this test, 10 check measurements are made with Decade Reset Disable on. The mea- 
surement is set up in line 2660. The triggering is done in 2680. The reading is then 
checked to increment by 10^ each trigger. 

r. Test OVERFLOW 

The counter is made to overflow and a "0" is checked for in the leading output digit. 

s. Test TALK ALWAYS 

Putting the counter in talk always is similar to having it programmed to talk. Thus the 
calculator looks for output from the counter without addressing it to talk. 

t. Test ADDRESS SWITCH 

Here different combinations of the addressed switch are set and the counter is checked 
to respond to the corresponding address on the bus. 
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4-39. USE OF THE DiAGNOSTiC PROGRAM. When the diagnostic program is used proceed 
as foiiows: 



a. The following equipment is needed to perform the diagnostic program; 

Mode! 9830A Calculator with Extended I/O ROM and String Variables ROM 
Model 9866A Printer 

Model 59405A HP-IB Calculator Interface (Option 030} 

Model 5328A Counter with Option 011 board under test 

b. Configure the equipment as outlined in paragraph 4-20. If the 9830A is not equipped 
with Option 274, insert the String Variables ROM into one of the 9830A ROM slots. 

c. Set the 5328A Counter controls as follows: 



FUNCTION 

FREQ RESOLUTION 

SAMPLE RATE 

ARMING 

STORAGE 

OSCILLATOR 

TALK ALWAYS .... 
ADDRESS 



CHECK 

1 kHz 

CCW 

OFF 

ON 

INT 

NOT TALK ALWAYS 



d. Referring to paragraph 4-20, load the diagnostic program into the memory of the 9830A. 
Verify the program as outlined in paragraph 4-23. 

e. To execute the diagnostic program, refer to paragraph 4-24, if the Option 011 under 
test fails any test, the 9830A will display the failure mode and the program will stop. 
The operator may continue the program by pressing the CONTINUE and the EXECUTE 
keys. Successful completion of the diagnostic is confirmed by the 9830A displaying 
"5328A HP-IB INT. CHECK COMPLETED”. 



f. If a board fails, and the 9830A displays the failure mode, refer to the diagnostic program 
listing in Table 4-5 to find the test that contains the failure display statement. Once it 
is determined which test the board failed, refer to the corresponding troubleshooting 
flowchart to localize the failure. 



4-40. ASM Flowchart 



4-41. The ASM flowchart in Figure 4-1 shows all of the possible states that the ASM may 
exercise. In any given mode, program sequence, or output routine, the ASM may exercise some 
states once or some states many times depending on the particular case. 

4-42. Above each symbol are two numbers. The number above and to the right is the decimal 
number equivalent, of the binary ASM address, that is present at the input of the ROM. The 
address is present at pins 3, 4, 5, 14, 15, 25, 26, and 27 of the ROM, with the least-significant- 
bit at pin 3. The number above and to the left of each symbol is the octal equivalent of that 
state address. Both numbers are included for ease of service and troubleshooting. 



4-43. THE RECTANGLE. A rectangle symbol represents a process state. In this state, the 
ASM causes some action to take place. As an example, in ASM address or state (octal) "6”, 
inhibit is set low by the ASM and associated circuitry. Also, while in the process state, the 
Format Bit from the ROM (U22) is low assuring that the state counters will only increment the 
ASM address by one count at the next positive clock pulse transition. 

4-44. THE DIAMOND. A diamond shaped symbol represents a decision state. In a decision 
state, the Format Bit from the ROM is set high allowing the state counters to either increment 
by one count or parallel enable the jump state information from the output of the ROM as the 
next ASM address information to the ROM input. The jump is executed if the qualifier associ- 
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ated with the state is high during the given ASM address. The jump is accomplished by the 
ROM setting U30(8) to the high state. When U30(8) is set high, U30C will give the necessary 
positive output required for the jump if the qualifier is high and the parallel enable will take 
place at the next positive clock pulse transition. If the qualifier is low during the particular 
ASM address, the state counters will increment the ASM address by one count. 

4_45. “N” DECISION STATE. If an "N” is in a decision symbol, the jump is executed if the 

qualifier associated with the state is low during that ASM address. The jump, in this case, is 
caused by the ROM setting U30(10) low, When U30(10) is low, U30C will give the necessary posi- 
tive output required for a jump if the qualifier is low at the next positive clock pulse transition. 
The state counters will increment the ASM address by one count, at the next positive clock 
pulse transition, in an "N" decision state if the associated qualifier is high. 

4-46. THE CIRCLE, A circle symbol at the end of a flow line, indicates the line is continued 
at another such symbol on the sheet. 

4-47. Troubleshooting Flowcharts 

4-48. The troubleshooting flowcharts included in figures 4-2 through 4-22 are provided 
for failure isolation. They will either lead directly to the problem, or require evaluation of 
ASM operation to isolate the problem. 

4-49, 1 ncluded with most of the troubleshooting flowcharts (whenever ASM operation must be 

evaluated) are ASM state tables. The state tables contain programming information, logic 
state analyzer control settings, and expected results needed to analyze ASM operation in the 
given mode of operation. 

4-50. Whenever the troubleshooting flowchart calls for PCM (program), first press the STOP 
and EXECUTE then press the SCRATCH and EXECUTE keys on the 9830A Calculator. This 
will clear the memory and allow the operator to enter the new program. 

4-51. When the memory is clear, type the program information supplied, into the memory of 
the 9830A Calculator, and execute the program by pressing the RUN and EXECUTE keys. After 
executing the program if the troubleshooting flowchart asks a question (decision state) stop 
and check for the condition. 

4-52, To check the condition of STAT 13, which indicates the status of the Bus, type STAT 
13= on the 9830A Calculator and then press the EXECUTE key. The 9830A will either display 
0, 1, 2, or 3. A "0” or “1" condition indicates the 5328A has vompleted a measurement. A 
“ 2 " or "3" condition indicates the 5328A has not completed a measurement. For further ex- 
planation of STAT 13, refer to Hewlett-Packard Interface Bus Users Guide 9830A, HP Part 
No. 59300-90002. 

4-53. ASM Troubleshooting 

4-54. If an Option 011 fails a test in the diagnostic program and the troubleshooting flowchart 
for that test leads to an ASM state table, then it is necessary to troubleshoot the board by 
evaluating the ASM with a logic state anaizyer. 

4-55. The following paragraphs describe how to use a logic state analyzer and the ASM state 
tables to locate problems on an Option 011 board. 

4-56. SYSTEM CONFIGURATION AND USE. To troubleshoot by ASM flow evaluation, in 
a given mode, proceed as follows: 
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a. The following equipment is needed to troubleshoot the ASM: 

Model 9830A Calculator with Extended I/O ROM 
Model 9866A Printer 

Model 59405A HP-IB Calculator Interface (Option 030) 

Model HP 180A Oscilloscope with HP 1601 Logic State Analyzer 
Model 5328A Counter with Option 011 under test 

b. Connect the 9830A Calculator with Extended I/O ROM, the 9866A Printer, and the5328A 
Counter with Option 011 under test as outlined in paragraph 4-20. 

c. Insert the HP 1601 Logic State Analyzer into the HP 180A Oscilloscope and connect to 
5328A as follows: 

1. Remove 5328A top cover. 

2. Connect 10230A Clock Probe to U14 Pin 2 and common to U14 Pin 8. 

3. Connect the 10231A Six-Bit Probes as follows: 

Bit 0 to U14 Pin 14 
Bit 1 to U14 Pin 13 
Bit 2 to U 14 Pin 12 
Bit 3 to U14 Pin 11 
Bit 4 to U23 Pin 14 
Bit 5 to U23 Pin 13 
Bit 6 to U23 Pin 12 
Bit 7 to U23 Pin 11 



4. Set the controls on the 1601 A Logic State Analyzer as follows: 



DISPLAY 

LOGIC 

MARK 

BYTE 

THRESHOLD 

CLOCK 

DISPLAY TIME 

COLUMN BLANKING 

DELAY SET 

TRIGGER MODE .... 

SAMPLE MODE 

TRIGGER WORD .... 



POS 

OFF 

3 BIT 

TTL 

JT 

ccw 

ccw 

00000 

START DELAY 

REPET 

Set Switches 0-7 to 003, 
Switches 8-11 to OFF 



d. With ail of the equipment turned on, the HP 180A Oscilloscope should display bit pat- 
terns on the display. To assure this, set the 5328A Function to STOP and make sure it 
is in local operation. If the oscilloscope is not displaying bit patterns, refer to example 1 
paragraph 4-56 to locate the problem. 



e. When a specific test is failed and the troubleshooting flowchart leads the user to the 
ASM state table proceed as follows: 

1. Use the information in the ASM state table to set controls differently than in 
paragraph 4- 39c. 

2. If programming information is supplied in the state table, enter the program 
into the 9830A and RUN the program. 

3. Set the analyzers TRIGGER WORD to agree with the “trigger word" in the ASM 
state table. 

4. The top line (bits of information) of the analyzer display will be the octal re- 
presentation of the trigger word. 
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5. increment the DELAY SET switch by one count and check the analyzer display. 
The top line should be the octal equivalent of the number listed next to the 
corresponding delay setting in the state table. 

6. Continue step 5 until the entire ASM state table is verified or the problem is 
determined. 

4-57. BASIC ASM PROBLEMS. There are several possible ASM problems, in the following 
paragraphs, a description of the problem, how to identify the problem, and troubleshooting 
techniques will be given for some common problems. 

4-58. Example 1: State Counters will not Increment. In a no increment failure mode, the 
state counters U14 and U23 will not up-count. 

4-59. The problem will be discovered when the diagnostic .jrogram is used. When the program 
is started, the display, on the 9630A Calculator, will blank and the program will stop. 

4-60. With this problem first make sure that dock pulses are present at U14(2) and U23(2). 
The clock pulse check can be made in two ways. The first, a quick check, can be made if the 
logic state analyzer is connected. This check is accomplished by observing the "NO CLOCK" 
lights on the logic state analyzer. If either light is on, the analyzer is indicating that there are 
no clock pulses present and shows the condition (high or low} of the clock input. The second 
method is to use a standard oscilloscope on U14(2) or U23(2). 

4-61. If clock pulses are present, remove the ROM U22 and check the logic state analyzer 
(as connected in paragraph 4- 56c., to make certain the state counters are up-counting cor- 
rectly. To check the state counters for proper up-counting, trigger the logic state analyzer on 
TRIGGER WORD "0” (all switches 0-7 to low position) with the other controls set as outlined 
in paragraph 4-56c. The analyzer should be displaying binary state address "0" on the top 
line of the display. As the DELAY SWITCH on the analyzer is increased by one number, the top 
line, ASM address, of the display should increase by one number (decimal) until decimal 255 
appears, and the count sequence starts over. 

4-62. Example 2: ASM Jumps Only. In a jump only failure mode, the state counters always 
parallel enable the ROM’s output jump information as the next ASM address. 

4-63. When the diagnostic program is used, the jump only problem will be discovered. The 
Option oil will fail a test in the diagnostic program. The test failed will lead to the trouble- 
shooting flowchart associated with the test, and the flowchart will lead to use of the ASM state 
table, where it will be necessary to evaluate the ASM flow in the particular mode. 

4-64. After the logic state analyzer is connected, as in paragraph 4- 56c., and the analyzer 
TRIGGER WORD is set to the ASM state table requirement, observe the display on the logic 
state analyzer. The pattern on the display will not agree with the ASM state table addresses. 
A close evaluation of the ASM flow will show that, in every decision state, the ASM executes 
a jump to a new address, 

4-65. To further evaluate the problem, take data bit probe number eight (on the logic state 
analyzer), isolated with a 10000 resistor, and connect it to U25(3). Set the number 8 trigger 
word switch to the off position, if the display, on the analyzer, in column eight is always low, 
check U25 and associated circuitry (it may be necessary to use a standard oscilloscope to 
assure that waveforms go to both logic levels). U25(3) should only be low during an ASM 
decision state, with the proper qualifier condition. 

4-66. Use of data bit probe number eight with the lOOOfl isolation is a powerful aid. it may 
be used to help isolate problems at a certain ASM address state. 
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4-67. Example 3; ASM will not )ump. In a no jump failure mode, the new or next state ASM 
address (decimal) always increases by only one count. 

4-68. This problem will be discovered when the diagnostic program is used. After the test 
failed leads the user to a troubleshooting flowchart, the flowchart will lead to use of the ASM 
state table and the logic state analyzer. When the analyzer is connected (refer to paragraph 
4-54c.), the pattern on the display will not match the ASM addresses in the state table, each 
next state address will be incremented by one count only. 

4-69. To troubleshoot the problem, find an ASM address in the ASM state table where the 
next ASM address (decimal) is increased by more than one count. Using this ASM address 
and data probe number 8 as explained in example 2, check U25(1) at the ASM address. At this 
and all decision state addresses, U25(1) must be high. 

4-70. Referencing to the same ASM address, check U25(2) with data probe 8. it also should 
be high at the ASM address. If U25(2) is low, check U30(9,10) with the data probe. Pins 9 and 
10 must be of different logic states during the ASM address if the jump is to take place. 

4-71. Example 4: ASM will not Jump due to Improper Qualifier. Unlike example 3, where 
the problem was within the ASM itself, this example is where the associated qualifier, for the 
state in question, is of the wrong condition. 

4-72. If the wrong qualifier is received, the problem will be recognized by use of the dia- 
gnostic program. When the diagnostic program is used, the particular interface wjll fail a 
test. The troubleshooting flowchart will lead to use of the ASM state table. 

4-73. This failure mode is different than example 3. The difference is, that in all decision 
states in example 3 the ASM did not jump, In this example, the ASM will jump in some decision 
states. 



4-74. To locate the problem, compare the display on the analyzer against the ASM state 
table for the test in question. The error will always be spotted in a decision state. Even if the 
interface fails to perform a process state function (i.e., set listen low), it will not be noticed 
until the ASM "looks" at the listen bit in a decision state. 

4-75. The method of using data bit probe number 8 (refer to paragraph 4-65), is useful to 
check the qualifier bit in a decision state, and also useful to make sure a process state is caus- 
ing the proper action. 

4-76. After comparing the display on the anaizyer against the ASM state table an incorrect 
decision state move will be found. Check the qualifier for the decision state in question by 
using data bit probe number 8. If the qualifier is correct for the jump, and the jump does not 
take place, follow the path that the qualifier takes to arrive at U30C(9) to locate the error. If 
the qualifier is incorrect, and generated by the ASM (in a process state), check to see if the 
ASM flow in the particular mode exercises the process state in question. It may be checked 
by the data bit probe method. 
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Table 4-6. 5328A Option 0^1 Signal Mnemonics 



QUALIFIERS 


Signal 


Source 


De&cription 


ADDR 


U26{4) 


H = My Listen Address 


ANN 


U32(3) 


L = Annunciator On 


AIN 


U8{5) 


L = Attention 


80 


U12(5) 


16 State Sequence Count for Output of ASCII Code 


81 


U12(6) 


16 State Sequence Count for Output of ASCII Code 


B2 


U12(7) 


16 State Sequence Count for Output of ASCII Code 


83 


U12(9) 


16 State Sequence Count for Output of ASCII Code 


BLK 


U6(7) 




D 


U32(5) 


H ^ Decimal Point has been Outputted 


DAC 


U8(7) 


H = Data Accepted 


DAV 


U3(1) 


L = Data is Valid 


0IO1 


U3(2) 


HP-18 Data Bit 1 


DI02 


U3(3) ■ 


HP-IB Data Bit 2 


DI03 


U3(4) 


MP-IB Data Bit 3 


DI04 


U3(5) 


HP-18 Data Bit 4 


DIOS 


U3(6) 


HP-ifl Data Bit 5 


DI06 


U3(7) 


HP-IB Data Bit 6 


DI07 


U3{9) 


HP-IB Data Bit? I 


EOM 


U8(l) 


H = End of Measurement 


1 


U8<2) 


Always HIGH, used for unconditional jump 


LDP 


U32(2) 


L = Decimal Point On 


LIS 


U6(1) 


H — Address to Listen 


LLO 


U19(9) 


H = Local Lockout On 


MA 


U6(5) 


L = Enable Strobe to Function Select Latch U34 and Select Bit on 




Module Strobe Code 


MB 


U6(6) ! 


L = Enable Strobe to Time Base Select Latch U28 and Select Bit on 




Module Strobe Code 


MLT 


U32(6) 


H Make Multiple Measurements 


MS 


U29(3) 


H = Module Strobe L = FC & T6 Strobe 


OVFL 


U32(4) 


L — Overflow 


ODV 


U32(7) 


L = Wait until Addressed 


RDF 


U32(9) 


H = Read Data on the fly 


REN 


U8{4) 


L = Remote Enabled 


RFD 


U8{9) 


H = Ready for Data 


RMT 




H - Option Oil in Remote 


S 


U32(1) 


H = Measurement has dimension of time 


SP 


U32(1) 


H - Serial Pole Active 


SRQ 


U6{3) 


L - Service Request 


SWL 


U8(6) 


H = Switch to Local 


TALK A 


U6(2) 


L= Talk Always 


TLK 


U26(5) 


H = Address to Talk 
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7^6/e 4-6. 532SA Option 077 S/gr/aZ /V7f7emonics (ConfinuedJ 







OUTPUTS 


StgnaJ 


Source 


Description 


LLIS 




Unlisten 


HUS 




Listen 


LTLK 




Untalk 


HTLK 




Talk 


LSP 




Serial Poll Disable 


HSP 




Serial Poll Enable 


LMA 




Enable Function Code Latch tnput Module Select Code, Also used 
in putting out Exponent 


HMA 




Opposite of LMA 


LS 




Measurement does not have dimension of time. Output POS EXP 


HS 




Opposite of tS 


HLTCH 




Latch Data into U20, U33, or U34 


LRMT 




Go to Local 


HRMT 




Go to Remote 


LD 




Decimal Point has not been outputted 


HD 




Decimal Point has been outputted 


LMB 




Enable Time Base Code Latch input, Module Select Code. Also used 
in putting out Exponent 


HMB 




Opposite of LMB 


LM5 




Enable Eunction and Time Base Code Latches Disable Module 
Strobe Line 


HMS 




Opposite of LMS 


LDAV 




5328A says Data Not Valid 


HDAV 




5328A says Data Valid 


LRFD 




5328A says Not Ready for Data 


HRFD 




5328A says Ready for Data 


LDAC 




5328A says Data not Accepted 


HDAC 




5328A says Data Accepted 


LLO 




Local Lockout Off i 


HUO 




Local Lockout On 


LEOM 




Reset End of Measurement F/F (UlIB) 


HIC 




Initialize 16 State Counter 


HDSA 




Strobe Mainframe Display and 16 State Counter 


LRPR 




Turn OFF Master Remote Programming Reset 


HRPR 




Turn ON Master Remote Programming Reset 


LDDIS 




Low Disable Display. TTL active lovv turns blanks display except 
LHS Annunciators 


HDDIS 




Opposite of HDDIS 


LINK 




Inhibit Counter from Arming 


LRST 




Turn OFF Counter Mainframe Reset 


HRST 




Turn ON Counter Mainframe Reset 


LSRQ 




Output (on U15, U24) Binary 0 on ASCII Bus 


HSRQ 




Output (on U15, U24) Binary 64 on ASCII Bus 


ASP 




Output (on U15> U24) ASCII space 


LDAO 




Output (on U15, U24) all HIGHS on Bus and Disarm DAC Line 


HDAO 




Output (on U15, U24) all HIGHS on Bus and Arm DAC Line 

All succeeding bits put out on U15, U24 to be put on HP-IB 
as ASCII Characters 


ADIG 




ASCII Digit from Display 


ALF 




ASCII Line Feed 


A0 




ASCII 0 


ACR 




ASCII Carriage Return 


AE 




ASCII E 


ADP 




ASCII Decimal Point 


A3 




ASCII 3 


A6 




ASCII 6 


A9 




ASCII 9 


A+ 




ASCII ■+ 


A- 




ASCII - 


AOVF 




ASCII Letter O 
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figure 4-1. ASM Flowchart 
(Sheet 1 of 3) 
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Figure 4-1. ASM Flowchart 
(Sheet 3 of 3) 
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SET 5328A 

FUNCTION CHK 

FREQ RES N- 10- 

SAMPLE RATE . . CCW 



^ DOES \ 
532SA CHECK 
PROPERLY 



DISCONNECT HP^IB 
CABLE FROM Oil 
TURN 5328A POWER 
SWITCH TO STBY THEN 
TO ON 



LOCAL ASM STATE TABLE 


SET 532SA FUNCTION TO STOP 






TRIGGER WORD 003 




DELAY 


SET 


ADDRESS 


0 


0 


0 


0 


0 






3 


0 


0 


0 


0 


1 






5 


0 


0 


0 


0 


2 






6 


0 


0 


0 


0 


3 






7 


0 


0 


0 


0 


4 




1 


0 


0 


0 


0 


0 


5 




1 


1 


0 


0 


0 


0 


6 




1 


2 


0 


0 


0 


0 


7 




1 


3 


0 


0 


0 


0 


8 




1 


4 


0 


0 


0 


0 


9 




1 


5 


0 


0 


0 


1 


0 


1 


1 


3 


0 


0 


0 


1 


1 


1 


1 


4 


0 


0 


0 


1 


2 


1 


1 


5 


0 


0 


0 


1 


3 


1 


2 


5 


0 


0 


0 


1 


4 


1 


2 


6 


0 


0 


0 


1 


5 


1 


2 


7 


0 


0 


0 


1 


6 


1 


3 


0 


0 


0 


0 


1 


7 


1 


3 


1 



^ DOES \ 
532SA CHECK 
PROPERLY 




DISCONNECT ONE 
END OF 28-CONDUCTOR 
CABLE 




DOES ^ 
5328A CHECK 
^ PROPERLY 
\ ^ 



^ NO 


PROBLEM NOT ON 




OPTION 011 BOARD 




RECONNECT THE 
28-CONDUCTOR 
CABLE 




REFER TO LOCAL 
ASM STATE TABLE 



Figure 4-2. Local Troubleshooting Flowchart 



4-28 










Option Oil, Model 5328A 
Maintenance 



PGM 


10 FORriRT 100 
30 OUTPUT <13,10 
30 CND '"7U3" 

40 END 


r ' 1 j y ^ 


IS 

REMOTE ^ 


\ NO 


LIGHT ON 




^ES 




PGM 

L0 FORMAT 10E 
30 OUTPUT <13,10) 
30 EHIi 


1 024 ? 



SETS 5328A to REMOTE 
AND LISTEN MODE 



REFER TO REMOTE 
ASM STATE 
TABLE 



SETS REN HIGH, CAUSES 5328A 
TO RETURN TO LOCAL MODE 



IS ^ 
REMOTE 
LIGHT ON 



IS 

U31(8) 

HIGH 

9 



sNO f ^ 






N. YES 


SUSPECT 

II7Q 1 IQ 




VJfcnS'T 

OR U6 



REFER TO 
LOCAL ASM STATE 
TABLE 



.L k:i 
i"\ 


r uki i 

I "! 1 ! J rt 


50 


CND 


4 0 


GOTO 




□■llJ 



REMOTE ASM STATE TABLE 



SET 5328A FUNCTION 
TO STOP 



PROGRAM 9830A 



;S ii 1 0 ) ?' 6 8 f 



TRIGGER WORD 050 

DELAY SET ADDRESS 

00000 50 

0 0 0 0 1 5 1 
00002 52 

00003 53 

00004 34 

00005 35 

00006 140 

00007 141 

00008 144 

CHANGE TRIGGER 
WORD SET TO 003 

00000 3 

00001 4 

00002 7 

00003 10 

00004 13 

00005 14 

00006 15 



LOCAL ASM STATE TABLE 

SET 5328A FUNCTION 
TO STOP 

PROGRAM 9830A 

I 8 KORnRi 10B 
i;' W U LI I , I"' I...I i i 1 Li j i tJ ) 1 ' t;i 8 ji 
30 CMIJ '"?IJ'3" 

49 OUTPUT 03:1 
59 GOTO 40 
bO EH I) 



TRIGGER WORD 003 


DELAY SET 


ADDRESS 


0 0 0 0 0 


3 


0 0 0 0 1 


5 


0 0 0 0 2 


6 


0 0 0 0 3 


7 


0 0 0 0 4 


1 0 


0 0 0 0 5 


1 1 


0 0 0 0 6 


1 2 


0 0 0 0 7 


t 3 


0 0 0 0 8 


1 4 


0 0 0 0 9 


1 5 



Figure 4-3. Remote/Local Troubleshooting Flowchart 
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Digitally signed by 
http://www.aa4df.com 

Figure 4-4. LLO Troubleshooting Flowchart 
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PGM 


■i.0 FUR Ml 


ii 108 


00 OUTPI 


JT 


00 CT'iri ' 




40 EH II 





— SETS 5328A TO LISTEN MODE 



IS ^ 
REMOTE 
LIGHT ON 

^ j 



^ NO 


REFER TO REMOTE/LOCAL 

TDOI IQI 




1 HUUDLtonL^vJ 1 INIjj 

FLOWCHART 





PGM 




10 FuRtif 
£0 OUTPI, 
30 ENIi 


IT 10 El 

J 1 3i ii :i, 0 > 2 5 f 


i |l 1 ^ 5 1 £ H 




IS 

REMOTE ^ 


^ NO 



SENDS GTL COMMAND 
CAUSING 5328A TO RETURN 
TO LOCAL OPERATION 



LIGHT ON 



REFER TO GTL 
ASM STATE TABLE 



GTL ASM STATE TABLE 


SET 5328A FUNCTION 




TO STOP 




PROGRAM 9830A 


] 54 ro KM 


fil lUE:.: 




UU if 


IJ 1 1 :i 


J. .= F r.i l;::i ■! 


80 r:Mli 






40 nUTF 


UT ll:-!-* 


1 0 


50 0UTF 

F 11 I " ^ 1 


UT \ 13 , 

'"1 1 "i 


1 0 .) 1 5 


ehd 






TRIGGER WORD 021 


DELAY SET 




ADDRESS 


0 0 0 0 0 




2 1 


0 0 0 0 1 




2 2 


0 0 0 0 2 




2 3 


0 0 0 0 3 




2 4 


0 0 0 0 4 




2 5 


0 0 0 0 6 




2 6 


0 0 0 0 6 




5 4 


0 0 0 0 7 




5 5 


0 0 0 0 8 




5 6 


0 0 0 0 9 




5 7 


0 0 0 1 0 




6 0 


0 0 0 11 




3 4 


0 0 0 1 2 




3 5 


0 0 0 1 3 




3 6 


0 0 0 1 4 




3 7 


0 0 0 1 5 




3 


0 0 0 1 6 




5 



Figure 4-5. CTL Troubleshooting Flowchart 
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To check the output strmg one character at a 
time, load the 9830A with this program. Press 
the RUN and EXECUTE keys of the 9830A. The 
9830A will display the first character of the 
string in decimal form. Compare the format 
and results by looking in Hewlett-Packard Inter- 
face Bus Users Guide 9830A Appendix B for the 
conversion. Press CO NT and EXECUTE keys 
once and check the next character in the out- 
put string. Continue until the fault is located or 
the complete output string is verified. 



figure 4-6. TALK/UNTALK Troubleshooting Flowchart (Sheet 1 of 2) 
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Figure 4-6. TALK/UNTALK Troubleshooting Flowchart (Sheet 2 2,1 
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LISTEN ASM STATE TABLE 


SET 532SA FUNCTION 





TO STOP 





PROGRAM 9830A 


i f OkMhT 


1 UB 




UUTPI.IT 


a 3? 1 




30 CMIt ' 


0|J 






r.m ' 


9 '“ 






GO'! 0 

60 


4U 






TRIGGER WORD 021 


DELAY SET 






ADDRESS 


0 0 0 0 0 






2 1 


0 0 0 0 1 






2 2 


0 0 0 0 2 






2 3 


0 0 0 0 3 






4 7 


0 0 0 0 4 






5 0 


0 0 0 0 5 






5 1 


0 0 0 0 6 






5 2 


0 0 0 0 7 






5 3 


0 0 0 0 8 






3 4 


0 0 0 0 9 






3 5 


0 0 0 1 0 






3 6 


0 0 0 1 1 






3 7 


0 0 0 1 2 






3 


0 0 0 1 3 






4 


0 0 0 1 4 






7 




UNLISTEN ASM STATE TABLE 


SET 5328A FUNCTION 




TO STOP 




PROGRAM 9830A 


10 FUKI' 
;:;0 GUTF' 


HI im 
ur <i3. 


1 0 > 7b8? i 


30 CMEi 






40 r:HD 


" V 




S0 GLirc 


40 




60 ENB 






TRIGGER WORD 021 | 


DELAY SET 




ADDRESS 


0 0 0 0 0 




2 1 


0 0 0 0 1 




2 2 


0 0 0 0 2 




2 3 


0 0 0 0 3 




4 7 


0 0 0 0 4 




1 0 4 


0 0 0 0 5 




1 0 5 


0 0 0 0 6 




1 0 6 


0 0 0 0 7 




1 0 7 


0 0 0 0 8 




t 1 0 


0 0 0 0 9 




1 1 1 


0 0 0 1 0 




4 5 ; 


0 0 0 1 1 




4 6 


0 0 0 1 2 




3 4 


0 0 0 1 3 




3 5 


0 0 0 1 4 




3 6 


0 0 0 1 5 




3 7 


0 0 0 1 6 
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Figure 4-7. LiSTEN/UNLISTEN Troubleshooting Flowchart 
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Figure 4-9. DCL Troubleshooting Flowchart 
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Figure 4-10. SDC Troubleshooting Flowchart 
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Figure 4-11. FUNCTION CODE and TIME BASE CODE Troubleshooting Flowchart 
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Figure 4-12. P Troubleshooting Flowchart 
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figure 4-14. MULT Troubleshooting Flowchart 
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Figure 4-15. ODU Troubleshooting Flowchart 
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Figure 4-16. SAMPLE RATE Troubleshooting Flowchart 
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figure 4-17. ARMING Troubleshooting Flowchart 
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figure 4-18. STORAGE Troubleshooting Flowchart 
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(Sheet 1 of 3) 






Option Oil, Model 5328A 
Maintenance 



FROM SHEET 1 OF 3 




TO SHEET 3 OF 3 



Figure 4-19. DECADE RESET DISABLE and DIGIT OUTPUT Troubleshooting Flowchart 
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figure 4-19. DECAD£ RESET DISABLE and DIGIT OUTPUT Troubleshooting flowchart 
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Figure 4-20. OVERFLOW Troubleshooting Flowchart 
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Figure 4-21. TALK ALWAYS Troubleshooting Flowchart 
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SECTION V 

REPLACEABLE PARTS 



5-1. INTRODUCTION 

5-2. This section contains information for ordering replacement parts. Table 5-1 lists parts 
used in the Option Oil. The table lists parts in alphanumeric order of their reference desig- 
nations and provides the following information on each part; 

a. Hewlett-Packard part number. 

b. Description of part (see abbreviations below). 

c. Totai quantity used in the instrument (the first time that the part appears in the list, 
the total quantity of that part number is printed). 

d. Typical manufacturer of the part in a five-digit code (see list of manufacturers in 
Table 5-2). 

e. Manufacturer’s part number. 

5-3. Miscellaneous parts are listed at the end of Table 5-1. 

5-4. ORDERING INFORMATION 

5-5. To obtain replacement parts, address order or inquiry to your local Hewlett-Packard 
Sales and Service Office (see lists at rear of 5328A Service Manual for addresses). Identify 
parts by their Hewlett-Packard part number. To obtain a part that is not listed, inciude: 

a. Instrument model number. 

b. Instrument serial number. 

c. Description of the part. 

d. Function and location of the part. 









REFERENCE 


DESIGNATIONS 






A 


= assembty 


E 


= miceiiansous electrical 


P 


- elecfricii connector 


V 


= electron lube 


AT 


= attenirBtor; iwiator; 




pert 




(movable portion]. 


VR 


= voltage reguLetor; 




Termination 


F 


= fuse 




plug 




breakdown diode 


e 


= fen; motor 


FL 


= filter 


O 


» transialor. SCR; iriode 


w 


* cable: transmission 


BT 


= betierv 


H 


= hardware 




ibyrisier 




path; Wire 


c 


= Cflpactlor 


HY 


= circulator 


B 


- resistor 


X 


= sockat 


CP 


= coupiei 


J 


= electrical conr»*ctor 


HT 


= IhermEstOr 


T 


= ciystai umr-pieio- 


CFL 


a (Jiod*. diod« thyriitor; 




(elalionary podian): 


S 


= awiich 




electric 




varaclor 




jacli 


T 


= IranSfOrtnar 


Z 


- tuned cavity, tuned 


OC 


■ directi-onai coupler 


K 


■ relay 


T0 


= larminai board 




Circuit 


OL 


■ defay iine 


L 


- coil; inductor 


TC 


= Ihermocoupifl 






OS 


= annunciator; signaling 


M 


= meler 


TP 


■ lest poini 








device f audible or 


MP 


a miacellaneoirs 


U 


= mtegraied circuit; 








visual), lamp. LED 




mechanical pari 




microcifcuit 












ABBREVIATIONS 








A 


= ampere 


BAL 


> balance 


CO£F 


= coelfiOiehl 




> degree Ceisius 


ac 


= allernalmg current 


BCD 


■ binary coded decimat 


COM 


= common 




(cenlrigrade) 


ACCESS 


^ acoeseory 


BD 


■ board 


COMP 


^ composition 


*F 


= degree Fahnenhau 


ADJ 


=• adjustment 


BE CD 


B beryllium COpp*r 


compl 


= compFele 


"K 


= degree Ketvin 


A/D 


= anaiog-to-digital 


BFO 


■ beat frequency 


CONN 


= connector 


DEF>C 


= deposited carbon 


AF 


= audio Irequency 




osciNator 


CP 


= cadmium plate 


DET 


= delecior 


AFC 


= automeiic frequency 


BH 


= binder head 


CBT 


= cathode- ray lube 


diam 


:: diameter 




conirol 


BKDN 


= breakdown 


ctl 


= complemenitafy tran- 


DIA 


^ diameter (us#d in 


AGC 


■ automaiic gam control 


BP 


■= bandpass 




aistor logic 




parts list) 


AL 


■ aluminum 


BPF 


= bandpass filter 


cw 


■ continuous wave 


OIFF 




ALC 


- automatic lavet control 


BBS 


■ brass 


cw 


» clockwise 


AWPL 


= dilferentiad amplifiBr 


AW 


- amplilude rm>du3aUon 


awo 


■ backward-wave 


D/A 


= digitai-to-arrslog 


div 


= dtvidOn 
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= amplifier 
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dB 


= decibel 
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= double-pole. doupiB' 


APC 


= automatic phase 


CAL 


- calibrate 


dBrn 


= decibel referred to 




throw 




con.|nol 


ccw 


= counierClOCkWHiSft 




1 mW 


DR 


= drrve 
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> assembfy 
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= ceramic 


do 


= dirMl Currant 
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■ double skdeband 


AUX 
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CHAN 


s channel 


deg 


= dagra* (lamparalure 


DTL 


■ dtods transistor logic 
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■ average 
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= cenlimeter 




interval or dtlfarsnca] 


OVM 


=- digitail voltmeter 


AWG 


= amencan wire gauge 


cwo 
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...* 


= degree {pfane angte) 
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= emitter ooupted logic 
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ABBREVIATIONS (CONTINUED) 






EMP 


= electromotive fchfce 


mH 


= millihenry 


PIN 


= poaltive-inlrinsic- 


TERM 


= terminal 


EDP 


= electramc d&te 


mho 


= mho 




negative 


TFT 


= thin'‘lilm transistor 




processing 


MIN 


= minimum 


PIV 


* peak inverse voltage 


TGL 


■ toggle 


ELECT 


= elecErolyttc 


mm 


= minute {time} 


pk 


^ peak 


THD 


= Thread 


ENCAP 


= encapsuialetJ 




= rninuta {plane angle} 


PL 


» phase lock 


THRU 


= Through 


EXT 


■ exterryal 


MINAT 


= mimalure 


PLO 


= phase lock oscillator 


Tl 


= TiianiuiTi 


f 


= farad 


mm 


= millimeter 


PM 


= phase modulation 


TOL 


= tolerance 


FET 


" field-etfect Iransistor 


MOD 


■ modulaftor 


PNP 


= positive- negative- 


TRIM 


= trimmer 


F^-F 


■ flip-flop 


MOM 


■ momentary 




posiiive 


TSTR 


= transistor 


FH 


= flat f>ead 


MOS 


- metal-oxide semi- 


P/O 


= pan of 


TTL 


= tranai$ior-iransist£>r 


FOLH 


= fillister head 




condudlOF 


POLY 


= polystyrene 




logic 


FH 


= fregoericy modoiation 


ms 


= millisecond 


F>ORC 


= porcelain 


TV 


= televifiiQO 


FP 


= from panel 


MTG 


= mounting 


POS 


= positive: posilion(s) 


TVI 


= television irtlerference ! 


FREO 


= frequency 


MTR 


« meter (indicating 




fused in parts lial) 


TWT 


= traveling wave tube 


FXD 


a fixed 




device) 


P03N 


= position 


U 


= micro (10 ’} {used in 


0 


gram 


mV 


* millivolt 


POT 


= potentiometer 




parts liet) 


GE 


= germanium 


mVac 


■ millivolt, ac 


P-P 


= peak-io-peak 


UF 


^ microfarad (used io 


GHz 


“ gigahertz 


mVdc 


™ millivolt, do 


PP 


= peak -to -peak {used in 




parts list) 


QL 


- glass 


mvpk 


■ millivolt, peek 




parts list} 


UHF 


= ullrahigh frequency 


GND 


= grcHund(«J) 


mVp-p 


= millivolt, paak-Eo-poak 


PPM 


■ pulse-poairion 


UNREG 


= unregulated 


H 


= henry 


mVrms 


= millivolt, rtns 




modulation 


V 


= volt 


h 


= hour 


mW 


= miiiiwait 


PREAMPL 


= preampliiier 


VA 


^ voftampere 


HET 


= heterodyne 


MUX 


= multiplex 


PRF 


= puise-repetmon 


vac 


= volts ac 


HEX 


= hexagonal 


MY 


= mylar 




ireguency 


VAR 


= variable 


HD 


== head 


fiA 


= microampere 


PPR 


= pulse rapetilion rale 


VCO 


= voltage-coni rolled 


HDW 


= rrerdware 


tip 


= microlarad 


ps 


= picosecond 




osciElalor 


HF 


= high Iregnency 


UH 


= microhenry 


PT 


= poinr 


Vdc 


= volts dc 


HG 


= mercury 


fimho 


c micromho 


RTM 


- pulse-lime modulaliOn 


VDCW 


= volts dc, working (used 


HI 


= high 


JUS 


= microeeCohd 


PWM 


- poise-width modutalion 




m parts fist} 


HP 


= Hewietc- Packard 


juV 


= microvolt 


PWV 


- peak working voUage 


V(F) 


i volts, fillefed 


HPF 


= high pass filter 


^iVac 


= rriicrovolt. ac 


RC 


= resiatance capacitance 


VFO 


= variable-frequency 


Hft 


= hour {used in parts hat) 


lUtVdc 


= microvolt, dc 


RECT 


= rectifier 




oscillator 


HV 


= high voltage 


MVpk 


= microvolt, peak 


REF 


= relerence 


VHF 


» very-nigh frequency 


Hz 


= Herti 


/iVp-p 


- microvolt, peak-lo- 


REG 


= regulated 


Vpk 


® volts peak 


1C 


= integrated circuit 




peak 


REPL 


= replaceable 


VP”P 


= Volts peek-to-psak 


ID 


= inside diameter 


fiVrrrii 


= microwott. rms 


RF 


= repio frequency 


Vrms 


= volts rmg 


IF 


= irtermediate frequency 


MW 


= microwatt 


RFI 


= radio frequency 


VSWB 


- voltage sianding wave 


IMPG 


■ impregnated 


nA 


= nanoampere 




mterlerence 




ratio 


in 


= inch 


NC 


= no connection 


RH 


= round heed; right hand 


VTO 


= voltage-tuned oscillalor 


IWCD 


= incandeseeni 


hl/C 


= normally Closed 


RLC 


= lesistence-inductance- 


VTVM 


= vacuum-lube voltmeter 


IWCL 


= jncludefs) 


NE 


= neon 




capacitance 


V(X) 


= volts, switched 


IMP 


= input 


meg 


= negative 


RMO 


= rack mouhl only 


W 


= wait 


INS 


= insulellpn 


nF 


^ nanolarad 


rms 


= rooi-nnean-squara 


W/ 


■ wilh 


INT 


=: internal 


Nl PL 


■ nickel plate 


FIND 


= round 


WIV 


= working invert voltage 




= kilogram 


N/0 


■ normally open 


ROM 


■ read-only memory 


ww 


= wirewDund 


kHz 


= kilohertz 


NOW 


= nominal 


R«P 


= rack and panel 


W/O 


= without 


kn 


= kilohm 


NORM 


= normal 


RWV 


= reverse working voltage 


¥IQ 


= yitri-um -iron -garnet 


hv 


= kilovolt 


NPN 


= negative-positive' 


S 


* scattering parameter 


Zo 


= characteristic 


lb 


■ pound 




negative 


s 


« second (time) 




impedance 


LC 


= mducrance-capacitance 


NPO 


= negative-positive zero 




- second (plane angle) 






LED 


= hght-emitfing tjiode 




{zero temperature 


S-B 


= sigw-blow (luse (used 






LF 


= low Ireguency 




coefhcient) 




in parts list} 




NOTE 


LG 


= long 


NRFH 


= nol racom mended lor 


SCR 


= Silicon coni rolled 






LH 


= leh hand 




field Teplacetmenl 




rectifier; screw 


All abbreviahons m the parts list 


LIM 


= limii 


NSR 


= nol separately 


S£ 


= selenium 


will be in upper case. 


LIN 


= linear taper (used in 




replaceable 


SECT 


- sections 








parts list) 


ns 


= nanosecond 


SEMICON 


■ semicondoclor 






hn 


= linear 


nW 


= nanowfltl 


SHF 


” supernigh fnaquency 






LK WASH 


= lockwasher 


06D 


= order by descriplion 


SI 


• silicon 






LO 


■ low, focal McillatOf 


OD 


= outside diameter 


SIL 


■ Silver 






LOG 


= hogarlthmic Japer 


OH 


> oval head 


SL 


= slide 








fused in parts list) 


OP AMPL 


= operational amplifier 


SNR 


* signal-lo-noise radio 


. 





tog 


= logarithm (ic) 


OPT 


= option 


SPOT 


= single-pole, doubte- 


MULTIPLI^K^ 


LPF 


= to* pass liiter 


OSC 


= oscillator 




Ihrow 






LV 

m 


= taw vollage 
= meter {distance} 


OX 

(K 


3 oxide 
' ourvee 


SPG 

SR 


= spring 

= split ring 


Abbrw^lofi RfvMk IlkiltlfH* 


mA 


= millN ampere 


n 


* ohm 


SPST 


= single-pole, singie- 


T 


lera 10'^ 


MAX 


■ maklmum 


p 


= peak (used in parts 




ihrow 


G 


giga 10^ 


Mil 


= megohm 




list) 


sse 


= Single sideband 


M 


mega 10^ 


HEG 


= meg fVO^} (used in 


PAM 


= puise-ampiiiude 


SST 


» stainless steel 


k 


kilo 1(P 




parts list) 




modulation 


STL 


= steel 


da 


deka 10 


MET FLM 


= meiai liim 


PC 


“ prinled circuit 


so 


= square 


d 


deci 10 ' 


MET OX 


= meiai oxide 


PCM 


- poise-code moudulation: 


SWR 


= siaAding-wave ratio 


0 


oenri 10 ^ 


MF 


- medium frequeoty; 




pulss^coonl moduiahon 


SYNC 


= synchronize 


m 


miiii 10 ^ 




microfarad (used m 


POM 


= pulse-duralion 


T 


■ limed (slow-'blow fuse) 




micro 10 " 




parts hat) 




modulation 


TA 


■ lanlaium 


n 


nano 10 ■' 


MFFI 


= rnsnufsctorer 


PF 


■ picofarad 


TC 


= temperalurie 


P 


pico 10 


mg 


= milligram 


PH BftZ 


■ phosphor bronze 




compensating 


f 


lemlo 10 


MHJt 


= megahertz 


PHL 


" PhlMlpS 


TO 


= lime delay 


a 


atio 10 '* 
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Tafa/e 5-7. Replaceable Parts 



Reference 

Designation 


HP Part 
Number 


Qty 


Description 


Mfr 

Code 


Mfr Part Number 




05323 60014 


1 


OPTION Oil 

HP-IB INIPPPACe ASSCHBLY 


20480 


0532B-60019 


A I E Cl 


OieO-1735 


1 


1SFRIE3 1504A 

CAPACITOR PXO! -220F+ 10^ 35V0C TA 


56 26 9 


150D224X9035A2 


A lfC2 


0170^0040 


1 


CAPACITOR -PXD •047UF + lOf 20OWVOC POLYF 


562B9 


292P4T392 


A15C5 


0180-0106 


1 


CAPACITQR^FXOl 6007* 203G 6VDC T4 SOLID 


56239 


150D606 X0006&2 


A1SC4 


0160-0154 


1 


CAPACITOft-FXD 2200 PF * 101 200WVOC POLYP 


56 28 9 


292P22292 




oiec>-oi6i 


1 


CAPACITOH-FXD 01UF 4-10% 200WVDC POLYE 


56209 


292P 10392 


A15C6 


0170-0024 


1 


CAPACITOR FXO *022UF * 20* 200WVOC POLVF 


56 2B9 


292P22302 I 


A1SC7 


OiaO-0229 


2 


CAPACITOR FXD! 330F+ 101? lOVQC TA SQL ID 


56209 


1500336X901 0B2 


A15C& 


OiaO-0229 




CAPACITOR FXO? 33UF+-10^ lOVOC TA-SOLlD 


56289 


1500336X901002 


A15C9 


OieO-1746 


1 


CAPACITQR-FXD; 15JF+ 10* 20Y0C TA SOLID 


56289 


1500156X902082 


fliSCRl 


1910-0016 


6 


DIODE SWITCHING lUS 60V 60HA 


25400 


1910 0016 


A15C^Z 


1910-0016 




OlOOE-SWiTCHiNO lUS 60V 60^A 


28480 


1910^0016 


A1FC&3 


1910-0016 




DIODE- SWITCHING lUS 60V 60HA 


23480 


1910-0816 




1910 0016 




D1 DOE = SWITCH INC lUS 60V 60MA 


28480 


1910-0016 


A15in.5 


1910-0016 




DiOOe-SWlTCHlNG US 6DV 60MA 


28480 


1910-0016 


AlSCftfe 


1910-0016 




DIDO0 SWITCHING US 60V 60HA 


25400 


1910 0016 


AlSJl 


12S1-3Z S3 


1 


CONNECTOR; 24-CQWT; FEH; HICRORlftdON 


20400 


1251-32 03 


A15J2 


1200-0548 


4 


SOCKETl ELEC; IC 14-CDNT DIP SLOP TEpR 


28 48 0 


120O-0&48 


A15J3 


1200-0548 




socket; elec; 1C L4-C0NT DIP SLOP TERM 


23400 


1200-OB4S 


A 1 S 


1200-0548 




socket; elec; IC 14-CONT dip sldr term 


20400 


1200-0543 


A 15 J5 


1200-0548 




SOCKET; ELEC; IC 14-CDMT 01 P SLOP TERM 


28 430 


1200^)543 


A1501 


1854-0215 


4 


TRAN SI STOP NPN SI PD = 310HW FT = BOOM HZ 


04713 


SP5 3611 


A 1502 


1854-0215 




transistor npn si pd=31omw ft-^bccmhz 


0471 3 


SP$ 3611 


A 1303 


1054 0215 




TRANSlSTfjn N6N S! PD>310Hrf ft = 3004HZ 


04 713 


SPS 3611 


A 150^ 


1854-0215 




transistor NPN SI P0=31DMW F’-300HHZ 


04713 


SPS 3611 


A 15 05 


1853-0036 


1 


transistor PNR si PD-310MW 


20450 


1953 0036 


AISRL 


0683-3035 


1 


RESISTOR 30K 5* ,25H FC TC=-4OO^40ao 


0U21 


CB3035 


A15R2 


0683-1035 


13 


resistor lOK 5t *25H FC TC--400/+700 


01121 


C91035 


A15T^3 


0633-I03S 




RESISTOR lOK 5* -25W FC TC--400X+700 


01121 


C51035 


A 15F^ 


□603- 2719 


3 


RESISTOR 270 5t *25W FC TC=-400/+600 


01121 


Cfl2715 


A15PL5 


0683-3325 


1 


RESISTOR 3*3K 53C *25W FC TC* 40D/ + 700 


0L121 


C03325 


A1SR6 


0603 4725 


5 


RESISTOR ^,7K 5T >25H FC TC= 400/+700 


0U21 


C84725 


AlSiJT 


O6B3-1035 




RESISTOR lOK 5% *2Sw FC TC-'40Q/*700 


D1121 


E8I035 


AISRS 


0683-1035 




RESISTOR lOK 5* -25W FC TC“-400/F7oa 


01121 


CB1035 


A15P9 


0603-1035 




RESISTOR lOK S* ^25H FC TC= 400/1-700 


01121 


CS1035 


A15R10 


0683-1035 




RESISTOR lOK 5* -25W FC TC* 400/+70D 


01121 


C51035 


AlSftli 


0603 1235 


1 


RESISTOR 12K 5* -25tf FC TC= 4OO/+0OO 


0L121 


, C51235 


AISPIZ 


0683-1035 




RESISTOR lOK 5* -Z5W FC TC= 400/+700 


01121 


C51035 


A15ftl3 


0603-2715 




! RESISTOR 270 5* -2 54t FC TC= 4DO/+6 0Q 


□ 1121 


C52T15 




0683-2715 




: resistor 270 5 % -25W FC TC--400/+60D 


01121 


CB2715 


Al5ftl5 


0603-1035 




RESISTOR t£JK 5* -25W FC TC= 400/4700 


01121 


:51035 


A15R16 


0633 1035 




RESISTOR lOK 5t ,25W fC TC- 400/+700 


01121 


C01O35 


AXSR17 


06B 3-1535 


1 


resistor 15K 5* .25W FC TC- 400/+BOO 


01121 


CR1S35 


A ISRia 


O603-47Z5 




RESISTOR 4,7K 5* p25w FC TC--400/+700 


01 L21 


C04725 


A1SR19 


0683 4725 I 




RESISTOR 4-TK 5* , 25W FC TC- A00/*70a 


01121 


GB4T25 


A15P20 


0683-1035 




RESISTOR lOK 5* *25W FC TC- 400/+700 


01121 


CP1035 


A15ft21 


0603-1035 




RESISTOR lOK 5* -25W FC TC— 400/+700 


01121 


C51035 


A15PZ2 


0683-4725 




RESISTOR 4*7K 5S ,25W FC TC= 400/+700 


01 121 


C04725 


A15R23 


0603-4725 




RESISTOR 4,7K 5* -25W FC TC= 400/+700 


0L121 


C&4725 


A15fl24 


0603-1035 




RESISTOR IDK 5* ,25W FC TC--400/4700 


01121 


CB1035 


A15RZ5 


0*8 3-2725 


1 


RESISTOR 2,7K 5t *2SW FC TC- 400/+700 


01121 


CB2725 


A1SRZ6 


0603-2025 


1 


RESISTOR 2K 5* -25W FC TC^-400/+700 


OlIZl 


C920Z5 


A15R27 


0 60 3-3025 


2 


RESISTOR 3K 5* hi25H FC TC--40Q/+700 


01121 


C83025 


A15R28 


0603-3025 




RESISTOR 3K 5X -25H FC TC=-400/+700 


01121 


C03O25 


A1SR29 


101O-D136 


2 


NETWORK RES 10-PIN SIP * 1 P IN SPCC 


2B4B0 


1S10“0136 


A15R30 


1010-0136 




NETWORK-RES 10-PlN SIP -1-PlN-SPCG 


2840D 


1810- 0136 


Al5ft31 


1010-0055 


4 


NETWORK-RES 9-PIN SIP *1S-P1N-SPCG 


28480 


1010 0055 


A 15P32 


1810-0055 




NETWORK-RES 4-PlN SIP *15-PIN«SPCG 


28480 


ISl 0-0055 


A15R33 


1010-0055 




NETWORK-RES 9-PEN SIP -15-PlN-SPCG 


20^00 


1518-0855 


A15R34 


1310-0055 




NETWORK RES 9 PIN SIP -15 PIN $pCG I 


25450 


laiO' 0055 


A1 5R35 


0683-1035 


1 


RESISTOR 10K S% ,25W FC TC=- 400,4700 


01 121 


CBT035 


A15S1 


3101-1973 


L 


SWITCH, DIP 


28480 


3101-197S 


AlSUl 


1020-0261 


1 


fC SN74 121 N 


01295 


SN741 21 N 


A 15PJ2 


132(1 0904 


1 


IC comparator 


07263 


931240^ 


A15U3 


1820-0658 


5 


IC MULTIPLEXER 


07 26 3 


93i 12D8 


Al=l>A 


1820-0174 


3 


IC SN74 04 N 


01295 


SH7404'1 


A15U5 


1020-0621 


3 


IC SN74 38 N 


0129 5 


SN7430H 


Al5tJ6 


1020-0650 




IC multiplexer 


07263 


93L12DC 


A1EU7 


1 020-0099 


1 


IC SN74 93 N 


01295 


SN7493N 


Aisue 


182 0-06 50 




IC MULTI PLEXEP 


07263 


93L120: 


A1SU9 


1320-0174 


1 


IC SN7404A 


01295 


SN7404N 


A15U10 


102O-C621 




EC SN74 30 N 


01295 


5N7430N 



See introduction to this section for ordering information 
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Table 5-1. Replaceable Parts (Continued) 



Reference 

Designation 


HP Part 
Number 


Qty 


Description 


Mfr 

Code 


Mfr Part Number 


Aisun 


1820-0077 




1C SN7474M 


01298 


SN7474N 


AL^U12 


1820^0633 




1C *4U*.T1P1EXER 


07 263 


93L120C 


A15U13 


1820-0*27 




1C DECODER 


07263 


931010!: 


A15U1 + 


1820-1097 




1C DM86L 76N 


27014 


0MS6L76N 


(IISUIS 


1820-0*56 


1 


IC SN74L 9S H 


01295 


SW74L98N 


AXSUl* 


1820-0621 




IC SN74 30 N 


01299 


SN7438N 


fllSUlT 


1820- 00&4 


1 


IC SW74CI0N 


0T29S 


SN7400N 


AL5U18 


1820-1056 




IC SN74 132 W 


01295 


SNT4i3Zfi 


4XSUI9 


1820-1358 




IC tATCM 


07263 


93L34P: 


AI5U20 


IBZ 0-0269 




It SN74 03 N 


01295 


SN7403N 


AIS021 


1820-01 76 




IC SM74 04 N 


01295 


SN74P4H 


A15U22 


1818-2253 






28450 


1818 2253 




1200-0569 


2 


SOCKET-rC 14-CONr STRIP-PXS 


28480 


1200-0549 


A13U23 


1820-1097 




It 0M86L T6N 


27014 


DMB6L75N 


A13U2* 


1820t0876 


1 


IC SN741 79 N 


0129 5 


SN74L7SN 


A15U25 


1820-0583 


1 


IC 0MT4L OON 


27014 


DH74LOON 


A15UZ6 


1820-1358 




IC LATCH 


07263 


93L34PC 


A1502T 


1 820-0269 




IC 5N74 03 N 


01299 


SN7403N 


A15UZB 


1820-1166 


2 


It Df^85L 51N 


27 014 


DM85L51N 


A15U25 


1820-0054 


1 


IC SNT4 OO N 


01295 


S1H74Q0N 


A 19 WO 


18200282 


1 


IC SN7436N 


01295 


SN74S6N 


AISU31 


1820-0077 




IC SN7474N 


01295 


SN7474N 


A15U32 


1820-0698 




iC MIJiTIPiEXER 


07263 


93L12PC 


A19U33 


1820-1358 




1C LATCH 


07263 


93L34PC 


A15U34 


1820-1166 




IC 0HB5L 51N 


Z701 4 


CM85LS1M 




1200-0549 




SOtKET-IC 14-CONT STRIP-PKG 


28480 


1200-054q 








A19 MISCELLANCauS 








0360-0124 




.040 040 


28480 


0360-0124 




0380-0384 




STANPOFF-RVT-ON 1*25-LC 6-32-THO •29-OD 


28480 


0380- 03 S4 




0380-0644 1 




STANDOPFl HEX HD; 6-32 ThO; 0*595 LG; 6 


284P0 


03SO-0044 




1200-0485 




SOCKET HC 14-PIN PC MOUNTING 


28480 


1200 0485 1 




1530-1096 


2 


FASTENE8I0-136" DIA 6 32 THPEAO 


30000 


noo 




05328 00007 


1 


PLATE, C0VE8, ASUl 


28480 


05328-00007 i 




05328-60110 


1 


CA8L£ ASSEKBLT, LOCK OUT 


28480 


05328-60110 




See introduction to thi$ section for ordering information 
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Option Oil, Model 5328A 
Replaceable Parts 

Table 5-2. Manufacturers Code List 



Mfr No. 


Manufacturer Name 


Address 


Zip Code 


00000 


No M/F Description for this 
Mfg Number 






01121 


Allen Bradley Co. 


Milwaukee^ Wi* 


53212 


01295 


Texas Instr. Inc. Semicond. 
Cmpnt Div. 


Dallas, Tx. 


75231 


04713 


Motorola Semiconductor Div. 


Mountain View, Ca. 


94949 


27014 


National Semiconductor Corp. 


Santa Clara, Ca. 


95051 


28480 


Hewlett-Packard Co., Corporate Hq. 


Palo Alto, Ca. 


94304 


56289 


Sprague Electric Co. 


North Adams, Ma. 


01247 













Option on, Model 5328A 
Manual Changes 



SECTION VI 

MANUAL CHANGES 



6-1. INTRODUCTION 

6-2. This section contains information necessary to adapt this manual to older instruments. 

6-3. MANUAL CHANGES 

6-4. This manual applies directly to Model 5328A Option Oil (05328-60019) boards series 
numbers 1612. 

6-5. Newer Option 011 Boards 

6-6. As changes are made, newer boards may have series numbers not listed in this manual. 
The manual for these instruments are supplied with a manual change sheet which contains 
the required updating information. If this sheet is missing contact any Hewlett-Packard Sales 
and Service Office listed at the back of this manual. 

6-7. Older Option 011 Boards 

6-8. To adapt this manual to Option Oil boards with series numbers prior to 1612, perform 
the backdating that applets to your boards series number as listed in Table 6-1. 



Table 6-7. Manual Backdating 



If Your Board Has Series Number 


Make The Following Changes to Your Manual 


1548 


1 


1544 


1,2 


1504 


1,2,3 



CHANGE 1 (A15 SERIES 1548) 

Page 5-2, Table 5-7, A15 Replaceable Parts; 

Change A 15U 11 and U31 from 1820-0077 (SN7474N) to 1820-0596; 1C DM74L74N; 27014; 
DM74L74N. 

Change A 1 SUV and U25 from 1820-0054 (SN7400N) to 1820-0583; 1C DM74L00N; 27014; 
DM74LOON. 

Change A15U 30 from 1820-0282 (SN7486N) to 1820-0598; iC DM74L86N; 27014; DM74L86N. 
Change hex head standoff (A15 miscellaneous) from 0380-0644 to 0280-0513. 

Page 7-3, Figure 7-1, A15 Active Elements: 

Change A15U11 and U31 from 1820-0077 (SN7474N) to 1820-0596 (DM74L74N). 

Change A15U 17 and U25 from 1820-0054 (SN7400N) to 1820-0583 (DM74L00N). 

Change A15U30 from 1820-0054 (SN7400N) to 1820-0598 (DM74L86N). 

CHANGE 2 (A 15 SERIES 1544} 

The series 1544 board is electrically identical to 1548. The only difference is improved clearance 
between the circuit board mounting post and DI05 line to HP-IB connector pin 13. 

Change 3 (A15 SERIES 1504) 

Page 7-3, Figure 7-1, A15 Schematic Diagram; 

Disconnect the line from U8(5) to U29(11). Connect the line from U8(5) at the junction of 
R29(3) and U9(1). 
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SECTION VII 

SCHEMATIC DIAGRAMS 



7-1. INTRODUCTION 

7-2. This section contains a schematic diagram and component locator for Option Oil HP-IB 
interface assembly. Tables of reference designators and active elements are also supplied to 
aid in servicing. 
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P/O Figure 7-1. Option 011 A1 5 HP-IB interface Assembly 
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Signals from A15J1 through Cable to A1J1 (Motherboard) 



1 LDDIS - BUS (39} 

2 LDP -BUS (41) 

3 LOVFL - BUS (28) 

4 FC - BUS (36) - XA16{5) 

5 FD - BUS (36) - XA16(5) 

6 HRD - BUS (33) 

7 LRES - BUS (32) 

8 LTR - BUS (31) - XA4A(12) 

9 LINK -BUS (30) 

10 TBSB - BUS (35) - XA16(24) 

11 TBSA - BUS (35) - XA16(23) 

12 FB - BUS (37) - XA16(7) 

13 LARM - XA4B(1) 

14 TBSC - BUS (34) - XA16(22) 

15 FA - BUS (37) - XA16(6) 

16 LMG - XA4(A17) - BUS (38) 

17 LEXT - BUS (38) 

18 LANN-BUS(41) 

19 SRT - A1(U4) - XA16(24) 

20 HDS - XA4A(4) - BUS (14) 

21 +15V 

22 DC - XA4(B15) - BUS (42) 

23 DD - XA4(B16) - BUS (42) 

24 +5V 

25 DA - XA4(B17) - BUS (43) 

26 D8 - XA4(B18) - BUS (43) 

27 GND 

28 -5V 
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A19 ACTIVE ELEMENTS 



neferenc? 

degfqmations 


HP PANT NUMBenS 


CR1-CR6 


1S10-D01C 


01-04 


1054-0216 

2N39D4 


05 


1053-0036 


Lll 


lasc-gaei 

SfTT4121N 


U2 


1SM-C3D4 

9SI-240C 


u3ue.ua. 


laao-oesa 


U12.US2 


93LT2DC 


U4.U9.U2l 


1020-0174 

SN7404M 


us.uiauis 


1020-0621 

SN743flN 


D7 


1320-0093 

SN7493N 


uii.uai 


1620-0077 

SN7474N 


U13 


102)0-0627 

93L01DC 


Ut4,U33 


1020-1057 

DM66L7GN 


U15 


1920-00^ 

Sh|74L9eN 


Uir.U25,U29 


>a2tL(MS4 

!JH7400N 


U1B 


1820-1058 

SN74iaaN 


U19.LESe.U3a 


1020-1358 

93L34PC 


Uffi.UJT 


1020-0069 

SN7403M 


U22 


101S-S2&3 


U24 


1020-0976 

SN74L7SH 


U20.U34 


ffi2O-1106 

DM85LS1N 


USD 


1020-0282 

SN74S6N 



I . REFERENCE DESIGNATIONS (TIThIK THIS 
A^EMBLT ARE ABaftEVlATEO^ ADO 
ASSEmSlT NL*l&Efl TO ABBREVIATION 
FOR COMPLETE DESCRIPTION. 

2- UNLESS one R#ISE indicated: 
RESISTANCE IN Dl«3: 
capacitance in FARADSt 
INDUCTANCE IN ^KRIES 
3. ALL BUS LIMES AfiE NEGITIVE 
TWI^U LINES. 



figure 7-1. Option Oil A15 HO-IB interface Assembly 
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Cable: INTAERID Niirubi 

KOftEA 

Samsung Eleclpftitcs Co.. Lid. 
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CENTRAL AND SOUTH AMERICA 
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£L SALVADOR 
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San SalvBdar 
Tai. 252787 

GUATCUALA 

IPESA 

Arenids La BuTorma 3-40, 

Zona 9 

Guatflmftla City 
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MEXICO 

Hewlett- Packard Mexicana. 
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Av PerilftrcQ Sur Up 6601 
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PANAMA 

Eletiro«co SaftM. S A 
P.O. 0a* 4929 
Calie Samuel Lewis 
CulfUld 4a Panaina 
Tft: 04-2700 
THe*: 3483103 Curundfli. 
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Gable ELECTRON Panama 



PERU 

Com^ora Eiemro M^ica 6 A 
Los FjarMn«B 145 
San Isidno Oasilla 1030 
Lkna 1 
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Cable- ELMfO Lima 



PUERTO RICO 
Hewlett- Packard 8 
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Tel 1809! 762-7255 
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URUGUAY 

Pabic FerrftHfo S.A 
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Avfthda liaka 2877 
Gas4la de Conag 370 



Tel 40" 3 102 
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MANUAL CHANGES 



MANUAL DESCRIPTION 



INSTRUMENT: 


5328A Option 011 HP-IB Interface 




Installation and Service Manual 


SERIAL PREFIX: 


1624 


DATE PRINTED: 


DEC 1976 


HP PART NO: 


05328-90019 


MICROFICHE NO: 


05328-90020 



CHANGE DATE: June 13. 1980 

(This change supersedes all earlier dated 
changes) 

• Make all changes listed as ERRATA. 

• Check the following table for your 
instrument's serial prefix or serial number 
and make listed change[s} to manuaL 



IF YOUR INSTRUMENT 
HAS SERIAL PREFIX 
OR SERIAL NUMBER 


MAKE THE 

FOLLOWING CHANGES 
TO YOUR MANUAL 


IF YOUR INSTRUMENT 
HAS SERIAL PREFIX 
OR SERIAL NUMBER 


MAKE THE 

FOLLOWING CHANGES 
TO YOUR MANUAL 


A15 Series 1952 


1 






■ A1 5 Series 2024 


1,2 







■ NEW OR REVISED ITEM 
ERRATA 

Inside Front Cover: 

Change SERIAL NUMBER to SERIES NUMBER and paragraph to read as follows: 

SERIES NUMBER 



This manual applies directly to Option Oil A15 circuit boards with series number 
1624 or 1632. For series numbers above 1632, a ^'Manual Changes'^ sheet is included 
with this manual. For series numbers below 1624, see backdating Section VI of this 
Installation and Service Manual. The 1624 and 1632 series of A15 circuit boards are 
electrically identical. 



Page 1-1, Section I, General Information: 

Add the following: 

1-6, MANUAL CHANCES 

1-7, The title page lists the circuit board series number to which this manual directly applies. If the series 
number etched or stamped on any circuit board or circuit board assembly {refer to Section VIII of the 5328A 
Service Manual for a description of board identification) is higher than the series number on the title page, 
a change sheet should accompany the manuaL If this change sheet is missing, the information can be supplied by 
any Hewlett-Packard Sales and Service Office listed at the back of this manual. 

This Installation and Service Manual for Option Oil is keyed to the series numbers on the circuit board(s) 
for the option and not the serial prefix number on the rear of the 5328A Counter. Consequently, the series 
number on any circuit board for this option may be higher than the serial prefix number on a particular 
5328 A Counter. 



11 D— 710221/9592-10243/ 
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CHANCE 1 (A15 Series 1952) 

Page 5-3, Table 5-1, A15 Replaceable Parts: l i 

Change A15 part mimber from 05326-60019 to 05326-60043 in "HP” and "Mfr Part Number columns. 

Change A15 series number to (SERIES 1952), 

Delete 60 UF capacitor A15C3 (0160-0106). 

Delete 3.3K resistor A15R5 (0683-3325). 

Delete 4.7K resistor A15R6 (0683-4725). 

Page 7-2, F/O Figure 7-1, A1S Component Locator; 

Delete capacitor C3 and resistors R5 and R6, ^ ^ -ru ^ ■ 

Add a wire connection to the common connection of these three parts and U18 pins 1 and 2. This added wire 
crosses over the top of the HP-IB board and the push-on connector attaches to a pin connector on the LMRES 
line on series 1952 Motherboards, This add pin is at the junction of A1U2A(1,2); C5; and R7 in the left rear 
corner of AC This connection must be made before fastening the A15 HP-IB board in place. 

Page 7-3, P/O Figure 7-1, A15 Schematic Diagram: 

Change HP Part Number and SERIES number, at top of diagram, from (05328-60019) SERIES 1624 to [05328-60043} 
SERIES 1952. Delete capacitor C3 and resistors R5 and R6. These three parts connect to U18D pins 1 and 2 in 

the left center of the diagram. i' 

Add a wire leaving A15 and having a female connector on the free end. This wire connects to the LMRES line in 
SERIES 1952 Motherboard A1. The wire must be dressed over the top of HP-IB board A15. 

■ Page 2-1, Paragraph 2-5, Field Installation: 

Change paragraph 2-5 to read ^^2-5 Field Installation (Serial numbers 1944A13474 and above). 

Change paragraph 2-7 and 2-8 Removal to 2-8 and 2-9 (increment the paragraph numbers by one). 

Add the following as the new paragraph 2-7. 

■ 2-7 Field Installation (Serial Numbers 1944A13473 and below) 

NOTE 

Serial numbers 1944A13473 and below require a modifkration to the A1 
Motherboard (05328-60001 ) to operate with the HP-18 A15 assembly (05328- 
60043). The following Installation procedure describes this modification, 

CAUTION 

Avoid flexing Option Oil Board, Due to the number of resistor packs and 
their iocatiorij flexing can cause resistor failures, 

a. Disconnect the power cable from the 5328A (Safety Precaution), 

b. Remove the top and bottom covers from the 5328A. 

c. Remove the small plate from the rear panel, located above the STORAGE switch, by 
removing two screws. 

d. Remove A4 Function Selector board from motherboard by pulling up on one end of 
extractor at top of board (use rocking motion to extract board). 

e. Remove the nut on each side of digital bus connector J6 on the HP-IB Interfac board. 

A1 Motherboard Modifications (f through h) 

f. Disconnect the cathode of A1CR9 [common with CR10) and insert pin terminal (P/N 1251-4707) in the 
plated-through hole vacated by cathode of CR9: reconnect CR9 to this terminal. 

g. The trace from the junction of the two diodes (CR9 and CR10) to U41(3) must be cut close to 

the diodes CR9 and CR10; the cathode of the new diode CR21 (P/N 1901-0040) is connected to the 
cathodes of CR9 and CR10 at the pin terminal. The anode of CR21 is connected to the plated- 
through hole located approximately 1V4 inch away from front-left corner of A1 Motherboard. This connects 
the anode of CR21 to the junction of U41(3) and Q9 collector. 

h. Add a terminal pin [P/N 0360-0451) through a plated-through hole that exists on the LMRES line at the 
junction A1R7, C5, and U2A(1,2|. This added pin is located in the left-rear corner of AT. It is used to 
connect the wire that originates from A15U18{12,13). 

CAUTION 

In (he following step, be sure that pin 1 of the plug (on each end of 
the cable) as aligned with pin 1 of the jack (one each board) before 
inserting. (Pins on plugs are numbered. Pin 1 on jacks has square 
solder dot.) Damage to equipment may occur if connectors are 
inserted incorrectly and power applied. 
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i. Connect one end of the 28-conductor cable to |-1 on the motherboard and insert the cable 

through the slot of the mam bracket, MP10 (refer to Figure 4-1 in the 5328A Service Manual) and 
bend remaining end of cable over top of MP10. 

}. Connect the blue wire from A15U18D{12,13) to the pin terminal at the junction of A1C5, R7^ and U2A{1,2) 
located in the left-rear corner of A1. The wire must be dressed over the top of the A15 HP-IB board* 

k. Install the HP-IB board, component side up {parallel to the motherboard) with digital bus connector J6 
inserted out through the rear panel {where plate was removed). 

l. Place 5328A on its side and attach four 6-32 X Vie inch screws to the HP-18 board stand-offs from 
underside the motherboard. 

m. Mount the cover plate over digital bus connector J6 and switch SI and attach with two screws. 

Replace to nuts on J6 that were removed in step e. 

n. Connect the free-end of the 20-conductor cable to J1 {position 35} on HP-IB board. 

o. Connect the end of the lock-out cable (jumper wire) to terminal post at pin 4 of XA16 [below 
display board} on motherboard. 

p. Install A4 Function Selector board removed in step d. 

q. Install top and bottom covers and apply power. 

r* Verify proper operation of the 5328A using the HP-IB verification program in the 5328A Operating 

and Service Manual, page 4-16. This program can also be loaded from the HP-IB Verification Cassette, P/N 
59300-1 0001 [Revision 0 or later).'" 

CHANCE 2 (A15 Series 2024) 

Page 5-3, Table 5-1, A15 [05328-60043) Replaceable Parts: 

Change A15 series number from 1952 to 2024* 

Change A15C1 from 1809-1735 (*22 UF 35V tant) to 0160-2453; CAPACITOR-FXD .22UF 10% 80VDC POL YE; 

28480; 0160-2453. 

Add A15C10; 0160-3878; CAPAOTOR-FXD .001 UF 20% 100VDC CER; 20480; 0160-3878* 

Add A15R36; 0683-2715; RESISTOR 270 5% *25W FC; 01121; C82715. 

Page 7-3, Figure 7-1, A15 Schematic Diagram: 

Change SERIES number, at top of diagram, from 1952 to 2024, 

Add capacitor A15C10 j.OOl UF) between A15U11A pin 2 and circuit board common* 

Add resistor A15R36 (270 ohms) in series with the connection between A15U12 pin 15 and the junction of 
A15U11A pin 2 and newly added capacitor A15C10. 




